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JOHN R. CALLAHAM, Editor-in-Chief 


Easier to Find, Read, File 


Some of the things we’re doing 
to make CE easier for you to use: 
>Easier to Find: Our contents 
pages—always just inside the front 
cover—have more complete listings, 
more descriptive titles, better or- 
ganization than ever before. 

All editorial is now organized, 
for quick reference, into four major 
sections . . . Developments, Prac- 
tice, People, Reader Service. 

A new contents page for each 

section makes it easier to spot, 
within seconds, items of immediate 
interest; two-line squibs flash the 
gist of each story. 
»>Easier to Read: Mixing of ads 
and editorial on the same page has 
been eliminated from more than the 
first half of the book (first “mixed” 
page in this issue is p. 360. No 
other chemical publication can say 
the same. 

There are no “continued-in-the- 
back” features; nowhere, do you 
have to turn more than a page or 
so to continue any story. ° 

Three-line interpretations at the 
start of each feature tell at a glance 
what it’s about, why it’s important; 
lead-off paragraphs pick up to 
orient and put into perspective. 

Style has been quickened, made 
more readable, more informal .. . 
charts, graphs and tables are de- 
signed to show glance-level mean- 
ing. 
>Easier to File: Department 
pages are now faced by ads, can be 
clipped without destroying other 
editorial . . . 100% fileability. 

More feature articles start on the 
right, end on the left .. . can be 
filed intact. Three years ago 24% 
of our features could be clipped 
without damaging other articles. 
Today it’s close to 75%—and we’re 
still working at it! 


PROCESS 


CONTROL 


GUIDED TOUR 


Process control enters a new era 


Keeping you informed of the newest con- 
cepts of process control is our aim in this 
special 72-page report. How today’s 
developments in maximized control . . . 
coupled with new analytical devices and 
computers . . . is leading to optimized con- 
trol. Promise of the future—fully auto- 
matic control. (p. 249) 


Find process instrument elements 


For quick and handy reference, use our 
expanded and revised guide. Basic informa- 
tion helps you select the necessary methods 
or devices to measure, transmit and control 
all process variables. (p. 287) 


Quick way to optimum conditions 


Important new statistical tool takes the 
path of steepest ascent to get optimum 
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process conditions. It cuts down on experi- 


ments, saves time and money in pilot-plant 
or full-scale development work. (p. 238) 


New kinks on chlorine recovery 


Bothered by chlorine “sniff gas”? If so, 
here’re two brand new and efficient ways 
to stave off a pollution headache—and make 
a profit at it to boot. (p. 154) 


Tonnage minerals, tonnage chemicals 


Today’s trend toward chemical process- 
ing of ores is something you can’t afford to 
overlook. Here, for the first time anywhere, 
are chemical figures straight from on-the- 
spot contact with users. (p. 200) 


You’re becoming more valuable 


As chemical engineering enrollments 
continue to lose ground, you'll be harder 
to replace . . . but your competitors will be 
of higher caliber! Here’s a look at both 
quantity and quality. (p. 355) 


CE is edited for the engineer concerned with chemical 
operations, whatever his function . . . administration, 
production and plant operations, design, research and de- 
velopment, sales. More engineers subscribe to CE than to 
any other magazine in the field. Print order of this issue: 


43,000 
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Industrial chemistry 


PETROLEUM .... Certain oil fields that have yielded all oil 
under normal pressure from underground pools still retain a good 
deal of usable oil locked in porous rock and shale. By forcing water 
thru the rock, the oil is driven out and then pumped to the surface. 
The water used in this process is taken from any available source 
but must be free of all solids as these would soon fill the pores in 
the rock formations and the well would cease to produce until 
the pores were reopened with an acid form of cleaning. This 
vertical leaf pressure filter was built for heavy-duty rapid purification 
of water, designed with quick positive cleaning features. 


FOOD .... This battery of 4 Tubular Filters is used for final 
clarification of sugar liquor. Operated two at a time they process 
27,000 Ibs. in 15 minutes and from 5 to 11 batches can be treated 
before cleaning. Tubular Filters were recommended by Industrial 
for economy and convenience in processing various sizes of batches. 
Each contains 7 perforated tubes lined with filter paper. Cleaning 
is especially convenient . . . the filter papers are simply taken 
out and replaced. 


» 


TEXTILES . . . Mercerizing is a process which consists of 
running cotton thread through a bath consisting of a Caustic 
Soda solution. This is performed prior to dying and is responsi- 
ble for its superior luster and strength. These Industrial Hori- 
zontal type Filters continually remove all foreign or suspended 
particles from the Caustic Soda down to 2 microns . . . thus 
producing a cleaner, finer cotton thread. Cleaning is especially 
easy. When the filter is open, a truck can be placed under the 
leaves and a shaking device shakes the cake from the leaves 
directly into the truck. 


METALS . .. The handling of a hot complex sulfate solution 
ina large plating installation points up two important Industrial 
features. These filters are particularly convenient to use in par- 
allel for large jobs . . . each filter can be dropped out for cleaning 
without interfering with the rest of the units. These filters are 
rubber-lined for corrosion resistance. Remember . . . properly 
engineered solution and water filtration equipment is the key to 
quality production. 
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Where the chemical industry is bound to go........ 139 


Direct solvent leaching of raw uranium ores . . . nuclear ra- 
diation in fine grinding . . . another air liquefaction plant. 


Double green light for new formaldehyde process. . . . 


Two plants are now on stream using a modified Fischer 

process. They boast high yield at low operating cost. 
Now: a continuous grease process 

Will a batch kettle be a museum piece in the not-too- 

distant future? It may, if this process proves itself. 
Lost “sniff gas” snuffed up 

A mixture of chlorine and noncondensables once lost in Cl» 

liquefaction can now be saved in either of two new ways. 
Another first: Styrene from gasoline 

Armed with 200-ft. towers, fractionation now wins ethyl 

benzene from mixed xylene stream in direct recovery feat. 
Loading technique takes the spark out of sulfur 

Danger of flash fire posed by dusty, charge-thirsty sulfur 

can now be thwarted by this telescope loading chute. 
Poles take the bite out of construction bills 

With ordinary poles for support, you can erect sturdy plant 

structures at low cost with built-in flexibility of design. 
Better uranium extractants take a bow 

In uranium processing, ion exchange may lose ground to the 

extraction route as new selective solvents get into the act. 
Hot horizons for ejectors 

Key ejector inlet nozzle made possible this burner-ejector 

duo. The gas-combustion unit is an odds-on cost cutter. 
In ore processing, where do chemicals fit in? 


Here’s the low down in terms of chemical construction on 
those reagent-hungry mineral processing operations. 
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Now! For the first time 


intimately blend any liquid, regardless of viscosity, into dry 


solids-in one fast step-even up to 40% liquid volume by weight 


VERSATILE. This wire cage assembly gives you TYPICAL EXAMPLE. Bar breaks down agglom- ABSOLUTE UNIFORMITY. Laboratory smear 
three blenders in one. With it you can blend erates in material at left and prevents new test reveals streaks where standard blending 
liquids into solids, or obtain dry intensive mix- | agglomeration as liquid is added. Note uniform methods are used (left). With P-K’s exclusive 
ing action. Remove it and get gentle blending. consistency in finished blend at right. design, complete blending is assured (right). 


These results can be proved in your own lab with a P-K 
Laboratory Model Liquid-Solids* Blender. 8 or 16 qt. 
capacity available from stock for instant delivery. 

Scale-ups from lab tests are equalled or bettered in P-K P after. son 
production models with capacities from 1 to 50 cubic feet. 
This is a completely new concept in liquid-solids blending 
—exclusive with P-K. P-K Twin Shell Blenders* *« Heat Exchangers 
Write now for Bulletins 15A on lab units, 7-15-A on pro- Packaged Pilot Plants + P-K Lever-Lock Doors* 


duction units of P-K liquid-solids blenders. The Patterson- 
Kelley Co., Inc., 166 Hanson Street, East Stroudsburg, Pa. —*Patents pending 


\Kelley 


Chemical and Process Division 
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VG. D. Searle & Co. plans to 
bring out a new ethical 
drug which shows prom- 
ise in fertility control. 
Initial use will be for 
menstrual disorders. 


V Diamond Alkali has modified 
its diaphragm-type chlor- 
ine cell to reach a rating 
of 30,000 amp., now offers 
it for licensing. 


VA new water-cooled cam- 
era of German design can 
take pictures inside fur- 
naces at temperatures of 
1,800 C. Camera covers an 
angle of view of 70 deg. 


General Electric’s motor re- 
rating program, just com- 
pleted, may lead within 
five years to further motor 
improvement through new 
applications of synthetic 
polymers in motor design 
and construction. 


Chementator 


Cc. H. CHILTON 


Inert gas cools hot uranium pellets 


Latest idea in nuclear power reactors— 
and one with lots of promise—uses a helium- 
neon coolant passing through a bed of sintered 
“homogeneous” pellets composed of enriched 
uranium carbide fuel and graphite moderator. 

Such a reactor, rated at 15,000 kw. of 
electrical output, will be jointly designed and 
built for a group of nine West German utility 
companies by Brown, Boveri & Co. (Mann- 
heim) and Krupp (Essen). It represents the 
first firm order for a German-designed reactor. 

The new German reactor will operate at 
1,600-1,800 F., with steam generation at 975 F. 
These temperatures, which are in the range of 
those used by modern coal-fired power plants, 
give substance to the Germans’ anticipation of 
competitive nuclear power costs. 

In contrast, the nuclear reactor designs 
getting the most attention here operate at 
much lower temperatures. The 60,000-kw. 
pressurized-water reactor at Shippingport, for 
example, will generate steam at about 485 F. 
Argonne National Laboratory’s 5,000-kw. 
boiling-water reactor, which began generating 
power early this year, also operates at this 
same temperature level. 

The German combination of ceramic fuel 
pellets and inert-gas cooling seems eminently 
suited for the proposed high-temperature con- 
ditions. 


Pay adjustments for older engineers? 


What help can experienced engineers ex- 
pect from organized collective-bargaining 
units in winning salary adjustments in line 
with the increasing starting salaries paid to 
new graduates? 

Not much, judging by these three latest 
developments on “detelescoping” negotiations: 

e At Standard Oil (Ind.), Whiting, the 
Research & Engineering Professional Em- 


(Continued on page 142) 


e 
iry 
Be 
| | 
= 
ng 
ive 
it). 
y 
G 
Et 


Fro 


Fluidization— 


key to maximum 
utilization 
in Japan 


Processing copper bearing pyrrhotite ore, 
One of two 20 ft. dia. FluoSolids Reactors the Dowa Mining Company at the Okay- 
roasting 235 metric tons per day of crushed : : 
pyrrhotite ore at Dowa’s Okayama Plant. ama, Japan plant 1s producing ... and all 
from the same raw material . . . sintered 
iron ore for blast furnace use, cement copper and sulphuric acid. 

Of major importance in this unique installation is the Dorrco FluoSolids 
System, consisting of two 20 ft. dia. Reactors plus auxiliary equipment. Utilizing 
the proven principles of fluidization, the crushed raw ore is roasted under con- 
trolled conditions in the System providing SO2 gas for contact acid manufacture. 
Roaster calcine is acid leached for copper recovery and leach residue is sintered 
as blast furnace feed. 

The Dorr-Oliver research, design and engineering staffs and our Associates in 
Japan, Sanki Engineering Co. Ltd., of Tokyo, have collaborated with Dowa 
Engineers before. At Dowa’s hydro-metallurgical plant in Kosaka, Japan, the 
Dorrco FluoSolids System is a prime factor in the world’s first successful roast- 
ing of copper and zinc with electro winning of both metals. In the Okayama in- 
stallation as at Kosaka, manufacture of the FluoSolids Reactors and a number 
of components in Japan with auxiliary equipment furnished from the U. S. 
proved to be most advantageous to Dowa. 

This is but another example of how the flexibility of the Dorr-Oliver World- 
wide engineering organization can work to the advantage of a client. It can work 
for you. . . For detailed information on D-O equipment and services involving 
the separation of finely divided solids in suspension or fluid techniques, drop a 
line to Dorr-Oliver Inc., Stamford, Connecticut. 


Dorrco and FluoSolids are Trademarks of Dorr-Oliver Inc., Reg. U. S. Pat. Off. 


Mm WORLD-WIDE RESEARCH + ENGINEERING + EQUIPMENT 


Dowa Mining’s Kosaka hydro-metallurgical plant where Dorrco FluoSolids 
System roasts 83 metric tons of complex copper-zinc concentrates per day. 
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CHEMENTATOR ... 


ployees Assn. finally voted, late in April, to 
accept a general 4% salary increase, after 
earlier insisting that the company include with 
ita 614% inequity adjustment for experienced 
personnel. For the time being, at least, the 
union must content itself with a company 
promise of special merit reviews, with indi- 
vidual adjustments where management feels 
they’re needed. 

e At Shell Development, Emeryville, 
Calif., the Assn. of Industrial Scientists has 
brought up again, in informal discussions with 
the company, a proposal to adjust salaries by 
14% for each year of experience after the 
fourth year. This would be accompanied by 
an across-the-board raise of 534%. Shell man- 
agement turned down a similar detelescoping 
proposal last year, doesn’t like it any better 
now. 

¢ At Boeing Airplane Co., the Seattle 
Professional Engineering Employees’ Assn. 
still hopes to get management acceptance of 
the principle of detelescoping. The union 
argues that starting salaries at Boeing in- 
creased 26% in the past two years (from 
$363/mo. in 1954 to $403 in 1955 and $459 
last year). 

On the other side of the picture are such 
management arguments as these: 

¢ Salary administration must remain 
the sole prerogative of management. Blanket 
detelescoping adjustments would drastically 
upset well-established salary curves. 

Across-the-board percentage __in- 
creases benefit the 20-yr. man more than the 
beginner, anyway. 

¢ The income pattern of our entire so- 
ciety has undergone telescoping in recent 
years. Why should the engineering profession 
be treated as a special case? 

Engineers’ unions may find these argu- 
ments tough to refute. 


Atomic radiation atomizes coal 


Newest use for nuclear radiation is as a 
tool for very fine grinding. Gamma rays from 
nuclear reactor wastes can shatter 200-mesh 
coal particles into particles of 1 micron or less. 

Work along these lines is going on quietly 
in the research laboratory of Denver & Rio 
Grande Western Railroad. Objective: To cut 
fuel costs in locomotive operations by incor- 
porating low-cost coal into diesel oil. Tests in 
a 5-hp. diesel engine have demonstrated the 
feasibility of adding as much as 5% of the fine- 
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particle-size coal to diesel fuel. Next step: 
Full-scale tests on locomotives. 

To date, several pounds of coal has been 
irradiated in different ways for the railroad by 
Brookhaven National Laboratory. Disclosure 
of details on irradiation procedures and on the 
methods used by Rio Grande for dispersing the 
coal dust in the diesel oil is being held up 
pending filing of patent applications. 

Railroads are probably the most price- 
conscious of all petroleum consumers. “Last 
year,” says Ray McBrian, director of research, 
“the Rio Grande burned some 40 million gal. of 
diesel oil. An average price savings of just 1¢/ 
gal. would mean an annual savings of $400,000 
to our line alone.” 

Another approach some roads are trying 
is the blending of residual fuels with distillates 
to get a two-fold saving: The residual in the 
blend lowers the over-all cost per gal. and also 
raises the Btu. content. 


Dual cycle for liquid oxygen, nitrogen 


Air Reduction is about to begin $9-million 
worth of construction at Acton, Mass., the 
fifth in a series of large air liquefaction plants 
put on stream in the past five years. Oxygen- 
nitrogen-argon plants now in operation at But- 
ler, Pa., and Riverton, N. J., will soon be joined 
by plants now being built at Chicago and at 
Bassett, Calif. 

Although the company hasn’t identified 
the process to be used at its three newest 
plants, it’s a good bet that they’ll adopt the 
dual cycle successfully introduced at Butler 
and used also at Riverton. 

In this process, there are two distinct and 
separate cycles. The process air cycle, in which 
air is cooled, liquefied and fractionated into 
high-purity liquid products, operates at a pres- 
sure of about 80 psig. Such a cycle requires 
more refrigeration than can be obtained by 
expansion from this low pressure. Additional 
cooling is supplied by a closed nitrogen refrig- 
eration cycle operating at 2,500 psi. Here’s 
how this cycle fits into the flowsheet: 

Warm recycle nitrogen is boosted from 45 
psi. to 2,500 psi. in a four-stage compressor. It 
is then cooled from 90 F. to —4 F. by heat 
exchange with colder cycle nitrogen that is at 
a lower pressure. The high-pressure nitrogen 
is next split into two streams. One stream 
goes through an expander, where its pressure 


(Continued on page 144) 
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LARGE CRYSTAL 


for radiator cleaners, 
wood bleaches 


...OR FINE CRYSTAL 


for process use 


Maks 


GENERAL CHEMICAL 


Oxalic Acid 


offers 4 important advantages to 
repackers and industrial users... 


I. Unvarying purity: Always 4. Coast-to-coast service: Read- 


assays a minimum of 99.2% 
C2H20:° 2H20. 


2. Uniform crystal size: Flows 
more freely, has less tendency to 
form agglomerates, gives better 
performance. 


2. Top-quality appearance: 
Clear, colorless crystals always 
have exceptional sparkle and top- 
quality look. 


ily available from General Chem- 
ical’s nationwide network of 
conveniently located distribution 
points. 


Get a superior product plus ef- 
ficient, dependable service. Spec- 
ify General Chemical Oxalic 
Acid. Available in easy-to-handle 
100-lb. bags and 400-lb. fibre 
drums. Call or write today! 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
"AO Rector Street, New York 6, N. Y. 


Basic Chemicals for American Industry 


Offices: Albany * Atlanta ¢ Baltimore * Birmingham ¢ Boston ¢ Bridgeport ¢ Buffalo * Charlotte * Chicago * Cleveland (Miss.) * Cleveland (Ohio) * Denver 
Detroit ¢ Houston ¢ Jacksonville * Kalamazoo * Los Angeles ¢ Milwaukee * Minneapolis * New York * Philadelphia * Pittsburgh * Providence * San Francisco 
Seattle * St. Louis © Yakima (Wash.) In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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is let down to 53 psi. and its temperature drops 
to —273 F. This stream then returns to com- 
pression via two heat exchangers—a “cold” 
exchanger, where it refrigerates the second 
nitrogen stream, and the “warm” exchanger 
referred to previously. 

The second high-pressure nitrogen 
stream, now at —245 F., is further refriger- 
ated by expansion through a valve. It gives 
up more heat (and is liquefied) by furnishing 
boilup heat to the impure liquid air in the 
process nitrogen column. From here on, the 
cycle nitrogen serves the main process as a 
refrigerant, picking up heat from various proc- 
ess streams, until it finally reaches room tem- 
perature and finds its way back to the recycle 
compressor. 

Main elements of the low-pressure proc- 
ess air cycle are the compression section, a 
reversing-exchanger section and the separa- 
tion-rectification section. The latter consists 
of nitrogen, oxygen and argon columns. 


Big idea in uranium: Solvent leaching 


Atomic Energy Commission is currently 
evaluating three schemes for direct solvent 
leaching of raw uranium ores, any one of 
which—if proved successful—could obsolete 
present uranium extraction technology. 

All three processes, developed under AEC 
contracts, involve much the same approach: 
Percolation of a mineral acid-solvent-diluent 
mixture through the ore on a perforated or 
porous moving belt. Yield is about 85% of 
uranium in the ore. 

Here’s how each process works: 

¢ National Lead’s process, in pilot plant 
at Winchester, Mass., uses tributyl phosphate 
and 70% nitric acid, gets a product running 
90% 

¢ Battelle’s process, also in pilot plant, 
uses acetone and HC] gets a lower-grade con- 
centrate (about 20% U;Ox). 

* Dow’s process, through the lab but 
not yet pilot-planted, uses an octyl phosphoric 
acid-hexane-sulfuric acid system and gets a 
70% U;0, product. Extracted uranium is 
stripped from the solvent with HCl. 

Direct solvent leaching would have the 
obvious advantage of bypassing all the conven- 
tional—and_ troublesome—processing steps, 
plus another feature most readily appreciated 
by operators on the arid Colorado Plateau: It 
requires no water. . 

Another new uranium extraction process 


—this one backed by private capital—elec- 
trolyzes a slurry of ore in boiling water. 

Theodore Crawford, a Los Alamos chem- 
ist, worked out the basic idea at home in his 
kitchen during the past year. Yucca Mining & 
Petroleum Co. has backed Crawford to the 
tune of $35,000 so far, hopes to move the 
process into commercial operation. 

Boiling the slurry during electrolysis is 
apparently Crawford’s key discovery. Other- 
wise gas would form at the electrodes and in- 
terfere with deposition of uranium. 


Better grinding features new process 


Pillsbury Mills’ new flour milling process, 
hailed by food industry experts as a bona fide 
technological advance, depends for its success 
on what Pillsbury calls “turbo” grinding and 
“turbo” separation. 

Grinding and separation equipment are 
the basic inventions of Henry Lykken of Min- 
neapolis and were developed jointly with Pills- 
bury. Although Lykken holds many patents in 
the field of fine grinding, the machines grow- 
ing out of the past seven years’ work, says 
Lykken, incorporate definite advances. 

The new mill, a modification of Lykken’s 
original Hurricane pulverizer, grinds by a com- 
bination of impact and fluid energy. An in- 
ternal, radial-bladed rotor turning clear of the 
housing at a peripheral speed as high as 30,- 
000 fpm. shatters larger particles by impact. 
Fine grindiny (to less than 1 micron) occurs 
via interparticle abrasion and attrition within 
the vortexes between the rotor blades. 

Lykken describes the separator as a cen- 
tripetal classifier, indicating that it has a peri- 
pheral inlet and axial outlet. Key to its sharp 
separation of product cuts is a higher-than- 
usual dilution with air. This minimizes inter- 
particle interference and gives greater free- 
dom for individual particles to respond to im- 
posed inertial forces. 

Pillsbury’s enthusiasm for the new proc- 
ess is based on its extreme versatility. In es- 
sence, it frees the company from strict depend- 
ence on certain types of wheat in order to 
make certain grades of flour. 

While Pillsbury will exploit the new proc- 
ess to advantage in the flour field, the Lykken 
machines will be available for other industrial 
size reduction jobs through Lykken’s patent- 
holding company, the Microclomat Co. 
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“Integration,”’ an impression by C. Arthur Rosser 


BUYING SOLVENTS? 


Integrated deliveries reduce costs... 


A GOOD way TO keep solvent 
costs down is to take full advantage 
of savings possible through integrated 
deliveries. When your total order 
equals a tank car quantity, you 
can buy individual solvents at bulk 
prices. Compartmented tank cars 
and tank trucks permit multi-prod- 
uct deliveries. Prompt delivery is 
assured from conveniently located 
storage facilities. 


And when you make Shell Chem- 
ical your source for solvents, you can 
be sure that the products you receive 


will meet or exceed the highest purity | 


standards set by industry. 

Our technical service staff is pre- 
pared to work directly with you to 
help you make your own products 
better and less costly. Write for 
specifications and quotations on 
particular solvents. 


Acetone 

Methyl Ethyl Ketone 
Methyl! Isobuty! Ketone 
Mesity! Oxide 

Ethyl! Amy! Ketone 
Diacetone Alcohol 

Ethyl Alcohol 

Neosol® solvent 
Isopropyl! Alcohol 
Methyl Isobuty! Carbinol 
Hexylene Glycol 
Secondary Buty! Alcohol 


Isopropyl Ether 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlanta + Boston + Chicago + Cleveland + Detroit - Houston » Los Angeles *« Newark » New York © San Francisco « St. Louis 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited - Montreal « Toronto « Vancouver 
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CONVERTERS—120 of them—oxidize methanol to 
formaldehyde over a special silver catalyst. 


| 


ABSORBERS (left) and distilling column (right) 
form skyline of Borden’s new formaldehyde plants. 
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Low Costs Favor New Formaldehyde Process 


Two new plants: Put on stream this year on East and West Coasts. 
Two processes: Borden combines Fischer process with its own experience. 
‘Two advantages: Higher formaldehyde yields, lower operating costs. 


OMPLETING a fast transcon- 
C tinental one-two punch, 
Borden Co. has just brought in 
at Fayetteville, N. C., the sec- 
ond of two new formaldehyde 
plants using a modified Fischer 
process. First of the duo went 
on stream in February in Kent, 
Wash. 

Blend of the German Fischer 
process with Borden’s own 
formaldehyde know-how has 
spawned what Borden terms the 
two most modern and efficient 
plants in operation today. Prin- 
cipal operating advantages 
which Borden expects to realize 
are high product yield and low 
consumption of utilities. Proc- 
ess converts methanol to form- 
aldehyde via oxidation-dehydro- 
genation over a_ proprietary 
silver-type catalyst. 
> Double Entry—Borden’s new 
plants, numbers five and six in 
its formaldehyde string, are 
first in the U.S. to use the Karl 
Fischer process. The company 
holds exclusive U. S. sublicense 
rights to the process, purchased 
from Karl Fischer Apparate 
und Rohrleitungsbau in Ger- 
many. 

Borden states that the proc- 
ess’ advantages are based on no 
single revolutionary develop- 
ment. On the other hand, var- 
ious individual improvements 
should add up to a significant 
total. 

“We probably could have 
worked out these improvements 
ourselves,” explains a company 
spokesman, “but we decided the 
wiser course would be to pur- 
chase the German knowhow.” 
> Extra Cost Pays Off—Bor- 
den’s anticipated operating 
economies due to higher yields 
and lower consumption of utili- 
ties will not come scot-free. Al- 
though no direct, reliable com- 
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parison of construction costs 
has been made, it’s probable 
that a Fischer-process formal- 
dehyde plant will cost some- 
what more than a plant of com- 
parable size employing other 
dehydrogenation processes cur- 
rently used in the U. S. This 
differential might be as much 
as 10%, according to company 
engineers. 

However, Borden expects to 
achieve an over-all yield of 
93%, compared with usual 
yields in other dehydrogenation 
formaldehyde plants around the 
country of 82-88%. 

As to utility requirements, 
here’s what Borden hopes to 
realize, as compared with pub- 
lished figures (Chem. Eng., Nov. 
1954, pp. 109-110) for Reich- 
hold’s plant at Seattle: 

Fischer Reichhold 

Steam, Ib. 0.5 0.8 

Water, 

cu. ft. 0.5 0.9 

Power, kwh. 0.02 0.08 
Figures are based on 1 Ib. of 
37% uninhibited formaldehyde. 
> Captive and Merchant—Bor- 
den uses formaldehyde in mak- 
ing phenol, urea and resorcinol 
resins; it also sells formalde- 
hyde commercially to the resins, 
plastics and chemical indus- 
tries. 

The company’s first formal- 
dehyde plant went into opera- 
tion at Springfield, Ore., in 
1946. The Kent plant now boosts 
Borden to the top among West 
Coast formaldehyde producers. 
Although Kent’s present capac- 
ity is the same as that at 
Springfield, the older plant has 
already reached its practical 
limit, while output at Kent can 
be doubled readily. 

With the Kent plant running 
at top level, the Springfield 
unit will be shut down for a 


much-needed, long-delayed over- 
haul. 

With two other Eastern 
plants (Demopolis, Ala., and 
Bainbridge, N. Y.) in addition 
to the new Fayetteville plant, 
Borden can now serve the en- 
tire Atlantic Seaboard with 
overnight tank-truck deliveries. 
Moreover, the company main- 
tains a bulk-storage formalde- 
hyde depot in the Chicago area 
for serving customers in the 
Midwest. 
> Fischer Process Operation— 
The flowsheet (left, above) 
shows the basic scheme of the 
Fischer process as reduced to 
practice by Borden at Kent and 
Fayetteville. Here are some of 
the features which contribute 
to its operating savings: 

Exothermic heat of reac- 
tion is carefully conserved by 
passing 600-C. gases from the 
converters first through a 
waste-heat boiler and then to a 
second exchanger, where added 
heat is recovered by vaporizing 
the methanol supplied to the 
process. This also saves on 
cooling water in the absorption 
step. 

eBorden has designed for 
low pressure drop in order to 
minimize power consumption of 
the air blower. This includes 
the use of two parallel sets of 
absorption towers. 

e Less-than-complete con- 
version of methanol minimizes 
losses as water and CO,, while 
distillation of raw formalde- 
hyde recovers unconverted 
methanol for recycling to the 
process. 

eProduct goes through an 
ion exchange unit to bring for- 
mic acid content down to less 
than 0.01%. 
>Plant Engineering—Process 
equipment and product storage 
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tanks are made of Type 304 
ELC or Type 316 stainless steel. 
Methanol storage tanks are of 
steel. 

Process air is supplied by a 
50-hp. positive-displacement ro- 
tary blower. 

There are 120 vertical con- 
verters, each some 4-6 in. dia. 

The two first-stage absorp- 

tion towers are each 44 in. dia. 
by 26 ft. high, packed with car- 
bon Raschig rings. The second- 
stage towers are each 30 in. dia. 
by 26 ft. high, also packed with 
carbon rings. The distillation 
tower is 47 in. dia. by 36 ft. 
high, containing 40 plates. 
- Site and supporting facilities 
were selected with future ex- 
pansion in mind. Boilers and 
cooling towers, for example, are 
much larger than required by 
the two plants today. And with 
formaldehyde demand holding 
strong, such expansion may not 
be far off. 


Firm Will Supply AEC 
With Lithium-6 Isotope 


U.S. Atomic Energy Commis- 
sion has just taken security 
wraps off some of the details of 
its five-year contract with Foote 
Mineral Co. under which Foote 
will supply AEC with lithium 
hydroxide. 

Currently, AEC is chiefly in- 
terested in one of the two nat- 
urally occuring isotopes: lith- 
ium-6. Still classified are the 
quantity of material involved 
-and AEC’s end use for lithium. 

However, tails (material de- 
pleted with respect to lithium-6 
isotope) are resold to the com- 
pany at the original selling price 
(minus a small credit for re- 
handling) and can be made avail- 
able commercially. At the pres- 
ent time, three major lithium 
producers are supplying “virgin” 
lithium hydroxide to AEC. Tails 


“New Plant Turns Out Pellets of Rigid Polyethylene 


Here is a section of Phillips 
Chemical Co.’s new 75-million- 
lb./yr. polyethylene plant on the 
Houston, Tex., ship channel. 
Plant’s startup marked first 


commercial production of Mar- 
lex 50 rigid-type polyethylene. 
Production is scheduled to reach 
full capacity during the final 
months of this year. 
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are resold only to the original 
producers in the same proportion 
in which it was supplied. Chem- 
ically, this material is identical 
to virgin lithium hydroxide. 
Under Foote’s second certifi- 
cate of necessity for lithium 
expansion, the firm’s lithium-pro- 
ducing facilities are being amor- 
tized over the five-year period of 
the contract. AEC is committed 
to withhold sale of unreturned 
lithium for ten years after the 
end of the current contract. 


Reveals Versatile New 
Route to Tetraethyl Lead 


Ethyl] Corp.’s continuing search 
for new and better ways to syn- 
thesize organolead compounds 
(particularly tetraethyl lead) 
has paid off well with radically 
new, versatile syntheses for TEL 
and triethyl aluminum. 

However, Ethyl stresses that, 
as far as TEL is concerned, the 
new methods are still very much 
in the lab-bench stage. Present 
TEL synthesis offers definite 
economic advantages. 

Commercial TEL process in- 
volves reacting a sodium-lead 
alloy with ethyl chloride. By the 
new method, Ethyl research 
chemists have been able to syn- 
thesize TEL from a wide range 
of organometallic and common 
lead compounds. 

Project Manager S. M. Blitzer, 
of Ethyl’s research and develop- 
ment department, notes that one 
of the most significant finds is 
that lead sulfide, oxide and di- 
oxides react with organometallic 
compounds to form TEL. Re- 
searchers also found that reac- 
tions take place at mild tempera- 
tures and proceed at moderate to 
rapid rates. And in many cases 
they achieved high yields of 
TEL. 

New route to triethyl alumi- 
num was uncovered during the 
same research program, and 
Ethyl Corp. has just received a 
patent (U.S. 2,787,626) on the 
process. It uses aluminum, hy- 
drogen and ethylene as raw 
materials, involves moderate 
temperatures and pressures. Tri- 
ethyl aluminum has stirred in- 
terest as an important ingredi- 
ent in catalysts for high-density 
polyethylene and other olefinic 
polymers. 
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385 Madison Avenue 


ENGINEERS AND CONSTRUCTORS FOR INDUSTR\ 


New York 17, N. Y. 


Lummus to Build 200,000,000 Ib. per Year 
Ethylene Plant for Petroleum Chemicals, Inc. 


Installation Designed for 50% Expansion 


The Lummus Company is presently designing and 
will build for Petroleum Chemicals, Inc. at Lake 
Charles, Louisiana a plant to produce 200,000,000 
pounds per year of ethylene. Scheduled for comple- 
tion by the end of 1957, the plant is designed to 
permit expansion of output to 300,000,000 pounds. 

The plant will use Lummus’ ethylene process and 
will draw refinery gases supplemented with LPG 
from the nearby refineries of Cities Service and 
Continental Oil, by whom P.C.I. is jointly owned. 
Ethylene will be made in two grades —the top 
grade 99.8% pure —the second 98.5%. By-prod- 
ucts will be 95% pure propylene, C,s, and an aro- 
matic distillate. 

Cracking section of the plant features 
an improved Lummus heater which em- 
bodies years of research and development 
by Lummus’ Heater Division. Equipment 
in the Lummus-designed low-temperature 
fractionation unit includes 12,500-hp gas 
turbines which drive the centrifugal 
charge and refrigeration compressors; 
exhaust from these turbines generates 
high-pressure steam in three waste heat 
boilers. The system utilizes high efficiency 
expanders to recover very low tempera- 
ture refrigeration. 

This plant brings the total of Lummus 
designed ethylene plants to 14, with a 
combined capacity of over 3 million 
pounds per day. 
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Part of the new plant’s ethylene output will be 
sold to Caleasieu Chemical Corporation, which will 
use it to produce ethylene oxide and glycol in a 
plant adjacent to the ethylene unit. Lummus is 
currently designing and will build the Calcasieu 
installation. 

Lummus has over half a century of experience 
with chemical and petrochemical projects. Why not 
discuss your next project with a Lummus repre- 
sentative. 


THE LUMMUS COMPANY, 385 Madison Avenue, 
New York 17, N. Y. Engineering and Sales Offices 
and Subsidiaries: New York, Houston, Montreal, 
London, Paris, The Hague, Bombay. Sales Offices: 
Chicago, Caracas. Heat Exchanger Plant: Hones- 
dale, Pa. Engineering Center: Newark, N. J. 


Lummus engineer points out cracking heaters in model of Petroleum Chemicals, Inc. ethylene plant, 
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New Grease Process Ousts Batch Kettles 


Pros of continuous operation outweigh cons, concludes big-volume 
producer of lithium grease, but there’s no bandwagon rolling yet. 


Continuous manufacture of 
lithium grease may finally be 
getting the commercial green 
light from the _ traditionally 
batch-kettled grease industry. 

This summer Surpass Petro- 
chemicals will complete its first 
year’s operation of a new $375,- 
000 continuous lithium grease 
plant at Toronto, Ont. A virtual 
giant as grease-making opera- 
tions go, the plant can turn out 
25 million lb./yr. (3,000 Ib./hr.) 
of the lubricant—more than 
twice current Canadian domestic 
demand. And, a Surpass spokes- 
man reports, the plant can and 
will be adapted for other 
greases. 

Engineered by the Girdler Co. 
—a vigorous continuous-grease- 
process advocate—the Surpass 
operation tandems on two of 
Girdler’s Votator heat-transfer 
units. The first heats a slurry of 
lithium soap in oil, while the 
second chills the blended grease 
to a gel. These two key grease- 
making steps are conventionally 
handled by open batch kettles. 
Split Opinion — Lithium 
grease, a multipurpose lubricant 
that’s snaring markets once 
served by a myriad of specialty 
formulations, has long looked 
like a natural for continuous 
processing. 

Yet the Surpass plant is only 
the second to date in the U.S. 
and Canada to rate the com- 
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pletely continuous label. First 
was Shell Oil at Martinez, Calif., 
on stream in 1950. Time lag be- 
tween the two, says an industry 
observer, is a good indication of 
the split opinion over continu- 
ous processing’s merits. 

> Pro Continuous—Surpass now 
offers these convincing reasons 
for joining the continuous-proc- 
essing camp: 

Process permits good con- 
trol of operating variables and 
keeps materials at high tempera- 
tures for only a short time, thus 
yielding highly uniform prod- 
ucts. 

¢Equipment requires some 
75% less floor space than a batch 
plant of equal capacity, thanks 
to its high rate of throughput 
and compactness. 

Operations are completely 
enclosed, thus beating fire haz- 
ard, loss of volatile materials, 
contamination and aeration of 
final formulation. 

e Process requires 30% less 
power, thanks to ease of milling 
product, and less heat, since only 
half the oil need be heated and 
radiation heat losses of open 
kettles are eliminated. 

Another advantage specific to 
Surpass: Th? firm is a sub- 
sidiary of Montgary Explora- 
tions, which is currently devel- 
oping an 8-million-ton lithium 
ore body at Bernic Lake, Man. 
By next January Montgary will 


be supplying a full range of 
lithium soaps to Surpass. 
>On the Other Hand—While 
granting these handsome fea- 
tures, other grease manufac- 
turers stress what they consider 
to be continuous operation’s dis- 
couraging disadvantages: 

eIt loses the batch plant’s 
ability to produce a wide range 
of products. Despite lithium 
grease’s broad versatility, grease 
makers market it in a variety of 
grades and_ produce _ other 
greases as well in the same 
facility. 

¢ It must be run at high pro- 
duction volume to be economical. 
Yet markets for any particular 
formulation aren’t big enough 
to warrant hefty production 
rates. 

Continuous operation thus 
creates storage and inventory 
problems and, so goes the indict- 
ment, the unit must be shut 
down intermittently to secure 
necessary plant flexibility. More- 
over, with the soap-making step 
still a batch procedure, the con- 
tinuous grease route is not en- 
tirely continuous anyway. It 
makes more sense, some pro- 
ducers feel, to combine soap 
manufacture, soap-oil slurrying 
and heating in a single batch 
kettle. 
> Compromise—At Shell these 
pros and cons balanced each 
other. While the 1950 Martinez 


June 1957—CuemicaL ENGINEERING 


vr 


new ways to solve problems — with chemicals 


NEW HEAVY-DUTY LIQUID DETERGENT FORMULAE --- mixtures 
of triethanolamine, nonionic surfactants and 
carboxymethyl cellulose --- have shown better 
cotton detergency under test than the more 
usual phosphate-alkylaryl sulfonate liquid mix- 
tures, and have exhibited a washing action 
equal to that of heavy-duty powders. 

Liquids have these advantages over powders: 
(1) no dust; (2) can be packaged in metal or 
lass containers which do not become soggy; 
(3 dissolve readily in hot or cold water; 
4) take up less space because of high density. 


A RECENTLY DEVELOPED INSECT REPELLENT designed specif- 
ically to shoo horn flies away from cattle, is 
reported to contain an ethylene oxide-ortho-~- 
cyclohexyl phenol condensation product as the 
active ingredient. 


A DEVICE FOR MINE BLASTING employs nitrogen tetroxide 
and a hydrocarbon as the explosive mixture. It 
consists of an unpartitioned container holding 
frozen nitrogen tetroxide, a separate body of 
frozen hydrocarbon and a detonator. 

A hole is bored in the solid composite and 
the device is placed inside. The contents of 
the container are melted, tetroxide mixes with 
hydrocarbon, and the detonator explodes the mix. 


NEW HYDRAULIC FLUIDS take advantage of the stability, 
solvent properties and desirable temperature 
characteristics of ethylene glycol. 

Formulations includes a magnetic fluid com- 
posed of 60-90% iron particles and 10-40% of a 
liquid hydrocarbon containing up to 5% ethylene 
glycol; a transmission fluid for automobiles 
consisting of 50% water and 50% ethylene glycol 
plus additive traces; a hydraulic pressure~ 
transmitting fluid made up of 5-30%0f a poly- 
ethylene glycol lubricant, 5-30% of a liquid 
soap and 40-90% of ethylene glycol solvent. 

Dept. AP. 4-5-2 
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40 Rector Street, New York 6, N. ¥. 


ADDITIONAL INFORMATION ON THESE DEVELOPMENTS CAN BE OBTAINED FROM NITROGEN DIVISION. IN SOLVING YOUR PROBLEMS 
- WITH CHEMICALS — REMEMBER THAT NITROGEN DIVISION IS YOUR BEST SOURCE FOR: ethanolamines ¢ ethylene oxide « 
glycols urea ¢ U.F.Concentrate-85 * anhydrous ammonia * ammonia Rey ammonium sulfate * sodium n 

¢ nitrogen solutions nitrogen tetroxide ¢ fertilizers feed supplements 
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plant uses the Girdler-Votator 
scheme, a 1952 expansion at 
Shell’s New Orleans facility 
elected to stay batch. 

And other grease makers, 
weighing one set of persuasive 
arguments against the other, are 
coming up with a neat compro- 
mise that seems to make the best 
of both—semicontinuous proc- 
essing. Manufacture of soap, its 
dispersion through oil and sub- 
sequent heating and blending re- 
main batch. But the chilling op- 
eration becomes the job of 
Votator-type continuous equip- 
ment, followed by continuous 
milling. 
>How Continuous’ Process 
Works — A heavy petroleum 
fraction is charged to one of two 
300-gal., agitated, steel slurry 
tanks. Only half the total oil re- 
quired is introduced at this 
point. 

A single-stage steam ejector 
pulls a 4-in.-Hg vacuum on the 
slurry tank to deaerate the oil. 
Lithium stearate and additives 
(e.g., oxidation inhibitors, color- 
ing agents) feed from hoppers 
into the evacuated slurry tank. 
After proper mixing, this 
charge is ready to go on the 
line when the charge in the 
other tank is used up. 
> Heating Votator — Slurry 
feeds through the heating Vo- 
tator, where its temperature is 
raised from 85 F. to 400 F. dur- 
ing a residence time of three 
minutes. 

This unit consists of a Dow- 
therm-jacketed cylinder fitted 
with a heavy agitator shaft ro- 


GREASE is finished in water-cooled Votator (left) and mill (right). 


tating at 300 rpm. via a 10-hp. 
motor. Longitudinal blades 
mounted on the shaft scrape 
slurry from inner cylinder wall 
to insure high heat-transfer rate 
and provide additional soap-oil 
mixing. 
> Blending and Cooling—Re- 
maining half of oil, steam-heated 
to 190 F. in a shell-and-tube ex- 
changer, is added to hot Votator 
discharge in a 10-gal., agitated, 
steel blender. Blending takes 
place at 300 F., with the agitator 
rotating slowly (60 rpm.) to 
avoid high shear. Here forma- 
tion of the grease gel structure 
begins. 

Blended material then flows 


‘through the cooling Votator to 


drop its temperature, during a 
14-min. pass, to 140 F. This 
forms a highly stable soap 
matrix and completes the gel 
formation. Unit is similar to the 
heating Votator except it is 
cooled with 65-F. water. 

Chilled grease is milled, de- 
aerated and barreled for ship- 
ment. Only one man is required 
for the entire operation. 


New Rotproofing Process 
Will Use Acrylonitrile 


A new rotproofing process for 
textiles has joined cyanoethyla- 
tion, acrylonitrile-based fabric 
treatment process pilot-planted 
earlier by Monsanto and Amer- 
ican Cyanamid (Chem. Eng., 
Oct. 1954, p. 112). 

Though neither process has 
yet received wide commercial 


acceptance, they both show a lot 
of potential and may eventually 
compete for the same markets. 

New process, developed and 

offered for licensing by Tee-Pak, 
Inec., Chicago manufacturer of 
sausage casings and food-pack- 
aging materials, improves mil- 
dew and rot resistance of fibers 
and increases their breaking 
strength by laying down a pro- 
tective coating of chemically 
bonded acrylonitrile. Treatment 
has been used on such fibers as 
cotton, rayon, burlap, canvas, 
rope, jute and paper. 
Cyanoethylation — Tee- 
Pak’s process is something like 
cyanoethylation in that it does 
about the same job and uses, 
among other chemicals, acryloni- 
trile. But process chemistry and 
details are a lot different. 

In cyanoethylation, acryloni- 
trile reacts with the hydrogen 
of fiber’s hydroxyl groups, form- 
ing a cyanoethyl ether group. 
This is done by a continuous 
process involving treatment with 
caustic, acrylonitrile and acetic 
acid, and then washing and dry- 
ing. 

Tee-Pak uses ferric ion as a 
catalyst, involves reaction of 
acrylonitrile with cellulose car- 
boxyl groups and polymerization 
of the acryonitrile. Ferrous am- 
monium sulfate supplies ferrous 
ions, which replace the hydrogen 
of the carboxyl groups. After 
acrylonitrile and water are 
added, hydrogen peroxide is in- 
troduced to convert ferrous ions 
to ferric, and acrylonitrile poly- 
merizes preferentially at the car- 
boxy] site. 
>No More Equipment — Tee- 
Pak won’t come right out and 
pick a fight with cyanoethyla- 
tion, but here’s what it feels its 
process has to offer: It’s simple; 
you don’t need extra equipment, 
can use standard wet-finishing 
machine. (Cyanoethylation calls 
for an added recovery system to 
be economical.) Too, Tee-Pak 
process is easy to control and 
looks as though it will be low in 
cost. 

However, don’t count out cy- 
anoethylation. Contrary to some 
reports, Cyanamid does not feel 
that cost figures reported last 
year for the process were too 
discouraging, and the firm is 
still toying with cost-reducing 
ideas. 
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YOU SAVE WHEN YOU SPECIFY 


BeW ERW Tubing 
For Heat Transfer Equipment 


When you specify B&W Electric-Resistance-Welded 
Carbon Steel Tubing in your heat transfer equip- 
ment, you not only have lower original cost— 
you are assured of savings where they count—in 
operating costs. Its uniform wall thickness provides 
high heat transfer efficiency. And dimensional accu- 
tacy from tube to tube assures easier fitting into 
tube sheets with less time required for rolling-in 
Operations. 

Used in oil preheaters and heat exchangers at 
major refineries, B&W ERW Tubing is made to 
ASTM and ASME specifications. It must pass rigid 
inspection and testing standards in manufacture. 
Its value has been proved in such heat transfer ap- 
plications as boilers, condensers, preheaters, econ- 
omizers, evaporators, and refrigeration equipment. 


A call to Mr. Tubes, your nearby B&W Tube 
representative, will bring you economical recom- 
mendations plus quick deliveries. Write for Bulletin 
412. The Babcock & Wilcox Company, Tubular 
Products Division, Beaver Falls, Pa. 


TA-7008-PP2 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels. 
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integrates 
recovery Woter 
with main ‘ 
production ‘Liquid chlorine 
(main production 
_--Chlorine absorbed 
plus recovery) water 
Stripping 
integrated Stripped water 
Surface 
cooling:, 
Impure 
chlorine Drying 
from Compression 
Diamond's electrolytic 
process can cells 
be added 
by existing Liquid chlorine | 
Clo producer {main production) 
or user 
chlorine Ci 
trom > 
other Chiorine 
absorbed 
Liquid chlorine in CCl4 


(sniff gos) 


(oortial recovery) 


For Chlorine Recovery, Take Your Choice 


Necessity for air pollution 
control has mothered another 
invention—this time the 
chlorine industry. 

The culprit: “Sniff gas,” or 
“blow gas,” a residual mixture 
of chlorine and _ nonconden- 
sables lost to the atmosphere 
during chlorine liquefaction 
and/or transfer, storage and 
salvage. Blow gas from lique- 
faction is 30-40% Cl. by wt. 

The cure: Either of two effi- 
cient, economical chlorine re- 
covery schemes developed in- 
dependently by Hooker Electro- 
chemical and Diamond Alkali. 
Each technique is now avail- 
able for licensing; each pos- 


sesses advantages that are 
more complementary than com- 
petitive. 


Units Up and Coming—Both 
firms are showing off their proc- 
esses in their own plants: 
Hooker, at Montague, Mich., 
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Tacoma, Wash., and _ (soon) 
Vancouver, B. C.; Diamond, at 
Muscle Shoals, Ala., Edgewood, 
Md., and Deer Park, Tex. 
Hooker already has two ac- 
tive licensees—a large French 
chlor-alkali producer and an in- 
tegrated American chlor-alkali 
maker—and two or three inter- 
ested negotiators. Diamond is 
dickering with three potential 
licensees (including two big 
users of chlorine who buy the 
stuff by the bargeful, regret 
having to return a product heel 
each trip to the supplier). Asso- 
ciated Ethyl of England will 
begin using Diamond’s recovery 
process within a month. 
Integral vs. Incremental— 
Hooker tightly integrates its re- 
covery system with cell gas 
liquefaction. Water normally 
ticketed for direct-contact cool- 
ing of hot cell gas in a packed 
tower is used first to absorb 


chlorine from sniff gas vented 
from the liquefaction unit. 
Getting double duty from the 
water this way means that the 
only extra factor needed is the 
absorber. Hence, the modest 
initial capital outlay, for a 170- 
ton/day chlorine plant, of 
around $30,000, with little in 
the way of extra operating costs. 
Diamond chose to set up a 
self-sufficient unit with carbon 
tetrachloride as absorbent, a 
unit which can readily treat 
chlorine-containing gases with- 
in an existing chlorine plant 
or wherever chlorine is handled, 
whether by producer, mer- 
chant or user. Capital invest- 
ment tab: $140,000 for a 100- 
ton/day chlorine plant. Oper- 
ating costs: $19/ton recovered 
chlorine. (Diamond’s package 
unit includes its own refrigera- 
tion plant. Knock off about $60,- 
000 from capital cost if you 
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-+-you'll want to use 


How long have you looked for a way to get the out- 
standing values of polyethylene with the convenience 
of wax? And how many types of “poly” did you try 
before giving up? 

Well, consider polyethylene again. But this time 
try low-molecular-weight A-C POLYETHYLENE 
—regular or emulsifiable! 


Here’s why: 


handles at temperatures of wax in conventional equip- 
ment. 


@ gives a high gloss, enhances and adds richness to colors, 
improves scuff and akrasion resistance. 


@ is completely compatible with all waxes and actually 
fortifies all your wax formulations. 


@ permits close control of coating weight. 


@casier to use, easier to handle. You can use higher per- 


centages of A-C POLYETHYLENE on standard coating equip- 
ment. *Trade Mark 
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SYNTHETIC & NATURAL 


PAINTS, LACQUERS CONTAINERS 


& VARNISH 


RUBBER 


Don’t delay! Commercial quantities are available for your 
immediate evaluation. Write for free samples today or return 
the handy coupon with your business letterhead. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 


j ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y., Room 520-A 


(0 Please send me technical literature on A-C POLY- 
ETHYLENE. 


[1 My proposed use of A-C POLYETHYLENE is: 


| 
Name | 
i 


Company 
Address 
City. State 
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PACKAGE UNIT offered by Dia- 
mond absorbs Cl. in carbon tet. 


choose to rely on main plant 
facilities.) 

Thus, Hooker’s process is 
cheaper, more _ expedient, if 
direct cooling is in the picture 
and integration is possible. In 
return for the extra cost, Dia- 
mond offers greater flexibility 
and wider adaptability. Hook- 
er’s process is tailored to lique- 
faction vent gas; Diamond’s is 
a “chlorine recovery” process.* 
> Recovery Pays Its Way—Sniff 
gas has been put to profitable 
use in the past via manufacture 
of bleach, chlorobenzene, or HCl. 
Usually, though, it has been 
more economical to vent the 
chlorine-containing gases to the 
atmosphere. 

But, as one chlor-alkali chem- 
ical engineer candidly puts it, 
“Increasing emphasis on air 
pollution abatement means this 
method of disposal has a short 
life expectancy.” 

Looking to the future, Dia- 
mond and Hooker have come up 
with preventive medicine for 


* Diamond’s patent hints at broad 
usefulness for the recovery of chlorine 
from gases originating in: electrolysis 
of magnesium chloride; chlorination of 
organics; Deacon oxidation of hydro- 
chloric acid to chlorine and water. 
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future pollution headaches that 
will, as it turns out, do more 
than break even costwise. 

For complete recovery of 
waste chlorine can bring a tidy 
return to the manufacturer. 
Diamond estimates even a chlo- 
rine plant with low-level refrig- 
eration will lose 2% of total 
chlorine produced by the cells; 
higher-level refrigeration will 
permit 4% to get away. Another 
2% may be lost at other points 
—chlorine transfer, loading and 
unloading, etc. 
>How They Work—In Dia- 
mond’s process, sniff gas, re- 
gardless of source, is first com- 
pressed to about 100 psig., cooled 
and a portion of the chlorine 
component liquefied. Vent gas 
from this liquefaction then 
moves to an absorber (a 30-ft. 
high, 16-in.-O.D. packed tower) 
where it contacts carbon tetra- 
chloride. Carbon tet enters the 
absorber at 0 C., exits at 80 C. 
countercurrent to the incoming 
gas stream. Chlorine-free gas 
is vented to the atmosphere. 
Chlorine-rich carbon tetrachlo- 
ride goes to a stripper where hot 
CCl, distills out pure Cl, prod- 
uct. Stripped solvent returns to 
the absorber. Carbon tetrachlo- 
ride losses are about 30 Ib./ton 
recovered chlorine. 

Hooker runs hot cell gas 
against water and steam in a 
combination cooler-stripper. The 
water has been saturated with 
chlorine and carbon dioxide from 
sniff-gas absorption further on 
in the process. Stripped water is 
discarded from the bottom of the 
cooler-stripper. 

Cooled cell gas is dried, com- 
pressed and cooled, the liquid 
chlorine product representing 
primary production plus recov- 
ery. Liquefier vent gas (Hook- 
er’s sniff gas) proceeds to a 30- 
ft., 42-in.-O.D. packed tower for 
absorption in fresh water. 

Clean gas goes out the top, 
chlorine-rich water goes out the 
bottom en route to the stripper- 
cooler. 
Carbon Tet vs. Water—Some 
points of comparison are worth 
noting. Diamond recycles 8-10 
times more CCl, than is normally 
needed for absorption duty. This 
makes for easy operation and 
surge capacity. And CCl,’s ab- 
sorptive capacity for chlorine is 
10-12 times that of water. 


Water throughputs in Hook- 
er’s cooler-stripper and absorber 
are interdependent and must, in 
addition, be regulated to prevent 
buildup of noncondensables in 
the system. (CO. is less soluble 
in CCl, than in water.) 

In addition, wet chlorine is a 
far different beast, corrosion- 
wise, than is dry chlorine. For 
example, Hooker’s absorber is 
rubber-lined, Diamond’s is all 
steel (except for Monel cladding 
at the bottom). 

On the other side: While 
Hooker’s system is now tied to 
chlorine recovery from liquefier 
vent gases only, there’s always 
the probability that it can handle 
any chlorine-containing gas by 
bringing it up to the right pres- 
sure and putting it through the 
absorber. 


Nuclear Reactor Planned 
For Co-60, Steam, Profit 


By taking pioneer strides in 
an infant industry, Isotope 
Products, Inc., Buffalo, N. Y., 
expects to turn a private atomic 
project into a solid, profit-making 
venture. 

Firm in its conviction that 
radiation processing will soon 
become a big thing in chemical 
and allied industries, IP has an- 
nounced that construction will 
begin this summer on a boil- 
ing-water-type nuclear reactor 
(Chem. Eng., Apr. 1957, p. 154) 
designed to optimize cobalt-60 
and steam production. On-stream 
date is 1958. 

IP has not specified reactor’s 
location but says it will probably 
be located near a pulp and paper 
mill, Nearly a dozen companies 
in high-fuel-cost areas are al- 
ready negotiating with IP for 
steam sale and site location. 

Reactor will produce about 1 
million curies/yr. of cobalt-60 
and 50,000 lb./hr. of steam. 
> Co-60 Is Best by Test—Before 
making its decision, IP made a 
careful study of competitive 
radiation sources and finally de- 
cided on cobalt-60 because radia- 
tion quality is ideal for process 
irradiation in bulk form. 

Cobalt-60 emits hard gamma 
rays of 1.1 and 1.3-mev. energy . 
which give good penetration in 
bulk handling. Moreover, there © 
is no low-energy component to 
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petrochemicals 


AT FAWLEY 


ethylene 
propylene 
butadiene 


butylene 


NEW PETROCHEMICAL PLANT for 
England’s Largest Refinery, will be designed 
and built by Foster Wheeler 


The photograph above 


shows a scale model of part of SYNTHETIC rubber and plastic hydrocarbon raw materials 
the huge Fawley Refinery of Esso (ethylene, propylene, butylene and butadiene) will be 
sista produced from 250,000 tons per year of petroleum in- 
for this complete “grass roots” re- termediates in a major process installation at the Fawley, 
finery. It now has twenty-one process England, refinery of Esso Petroleum Company Limited. 
units and more are projected. Foster Wheeler, who built the new Fawley petroleum 


refinery, the largest in England, will also provide me- 

chanical design and construction for this petrochemical 

project. Esso Research and Engineering Company sup- 
Foster Wheeler designs and builds plied basic process design data. 

petroleum, chemical and petrochemical These basic hydrocarbon products represent a new and 

very substantial source of raw material for the British 


i here in th Id. 
synthetic rubber and plastic industries. 


Foster Wheeler Corporation, 165 Broadway, New York 6, N. Y. 


WHEELER 


NEW YORK * LONDON « PARIS ¢ ST. CATHARINES, ONT. 
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give higher dose rates near the 
surface. In contrast, radiation 
from electron accelerators is 
best for thin films but causes 
induced-radiation problems when 
emission energy is increased to 
get deeper penetration. And in 
food processing, especially, this 
is highly undesirable. 

Another plus: Radioactive co- 
balt offers virtually maintenance- 
free performance. Once a year 
the source would be shut down 
to restore the cobalt unit to full 
strength (decay loss: about 
12%/yr.). 

Finally, cobalt-60 is a low-cost 
radiation source. Compared with 
cesium-137, for example, cobalt- 
60 is able to give the same radi- 
ation energy at one-tenth the 
cost. According to IP’s President 
D. C. Brunton, IP expects to 
make the cobalt for sale at $2/ 
curie. 


Pushes Plan for Alcohol 
Layer to Curb Water Loss 


After last year’s encouraging 
tests near Oklahoma City, U.S. 
Bureau of Reclamation is push- 
ing ahead with its program of 
study to apply and maintain a 


layer of cetyl alcohol on water 
surface to cut evaporation losses. 

Bureau is starting experi- 
ments this spring at its 97-acre 
Rattlesnake Reservoir, 12 miles 
west of Loveland, Colo. Studies 
are preliminary to applying the 
method on a large scale to Lake 
Hefner, part of the water supply 
system for Oklahoma City. Tests 
will help evaluate methods of 
spreading the alcohol. 

Cetyl alcohol (normal C,.H;;- 
OH) has already chalked up im- 
pressive test records battling 
evaporation losses in Australia. 
It was chosen because it spreads 
readily on water and forms a 
continuous monomolecular film. 
Film allows oxygen and other 
gases to enter the water while 
providing a barrier against 
evaporation. Bureau of Recla- 
mation tests show that cetyl al- 
cohol cuts water loss from pans 
by as much as 45-64%. 

Bureau officials in Colorado 
estimate that water amounting 
to 4 ft. of depth is lost each year 
by evaporation in the area. 

Last year’s tests showed that 
the chemical] had little or no ef- 
fect on taste or odor of the 
water, fish life or water or- 
ganisms. 


Rubber Firms Push Plans 
For Chemicals, Fibers 


Expansion announcements 
from three rubber companies 
involve butadiene, specialty or- 


ganic chemicals, nylon tire- 
fabric and, not surprisingly, 
tires. 


B. F. Goodrich Chemical Co. 
has set early 1958 as on-stream 
time for a $5-million plant near 
Henry, Ill., to manufacture spe- 
cialty organic chemicals, such as 
antioxidants, for the petroleum, 
rubber, plastics and other indus- 
tries. 

Firestone Tire & Rubber Co. 
has just completed work on its 
40,000-ton/yr. butadiene unit at 
Orange, Tex., and will soon bring 
on stream a rubber air-springs 
plant at Noblesville, Ind., and 
tire plants in Havana and Manila. 

U.S. Rubber is spending $1 
million to enlarge nylon tire- 
fabric facilities at its Scottsville, 
Va., plant to meet booming de- 
mand in the tire industry. The 
firm also has scheduled a $5-mil- 
lion tire plant in Cuba for com- 
pletion early next year. Plant 
will be Cuba’s largest, with ca- 
pacity of 125,000 tires/yr. 


New Argonaut Training Reactor Is Low-Cost, Simple, Ultrasafe 


Argonaut educational training reactor at Argonne 
National Laboratory, Lemont, IIl., costing no more 
than $100,000, can be used to study control-rod 
response, fisston distribution, effects of poisons (neu- 
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mal column. 


tron absorbers) and bubbles. At left, scientist exam- 
ines fuel plates in cluster; right, technician checks 
activity level of a stringer withdrawn from the ther- 
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Here’s another big Nooter job, an alumi- 
num tank for storing 83°%, ammonium nitrate 
solution. It was built for Mississippi River 
Chemical Company. This squat, but mighty 
reservoir has a height of 23 feet, a girth of 
over 314 feet. Walls and interior structure 
are aluminum, which was specified for its 
corrosion resistance to this fertilizer raw 
material. And Nooter fabricating experience 


assured flaw-free welds throughout. 


But any other material, or any other 
storage tank design would have been field 
erected just as perfectly, finally inspected 


just as carefully and completed on time. 
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you get MORE from a NOOTER fabrication 


For your next big job, talk to Nooter. 
You'll find Nooter’s quality and dependable 


schedules your best equipment investment. 


Write for 
PLANT SURVEY REPORT NO. 4 
for a comprehensive report 
on Nooter facilities 


NOOTER 
CORPORATION 
“Since 1896” 


Steel and Alloy Plate Fabricators and Erectors...‘ Boilermakers” 
1422 $O. SECOND ST. ° ST. LOUIS 4, MO. 
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SIX PLATFORMS tie the four 
skyscraping towers into a struc- 
turally stable unit. 


Fractionation Taps New Source of Styrene 


With only 2.3 C. separating key components, Cosden uses 600 ft. of 
tower height to coax ethyl benzene from a stream of mixed xylenes. 


Courageous process engineer- 
ing and smart structural design 
keynote Cosden Petroleum 
Corp.’s new $3-million, 20-mil- 
lion-lb./yr. styrene-from-gaso- 
line plant at Big Spring, Tex. 

Cosden stakes its claim to 
fame as first and only styrene 
producer to base its process on 
direct recovery of ethyl benzene 
from gasoline. And therein lies 
the chemical engineering tale. 

For Cosden gets its ethyl ben- 
zene by fractional distillation of 
a mixed xylene stream in which 
the critical cut is based on a 
temperature difference of only 
2.3 C. (b.p. ethyl benzene, 136.2 
C.; b.p. para-xylene, 138.5 C.). 
The xylene stream comes from 
Cosden’s aromatics unit, also at 
Big Spring. 
>In Tres Partibus—To make 
this separation requires some 


350 plates and 600 ft. of tower 
height. That’s why some experts 
have considered it impractical to 
carry out on a commercial scale. 

But Badger Mfg. Co., working 
closely with Cosden on design 
and construction of the unit, 
split the 600 ft. of total tower 
height into three 200-ft. hunks, 
added a 185-ft.-high tower (used 
later in the process), tied them 
together laterally at six platform 
levels to get a structurally rug- 
ged giant quadruped. 

Feed enters the first column 
near its midpoint. Bottoms from 
this column constitute the 
stripped xylene mixture. Recti- 
fication continues through the 
next two columns in series, with 
forward vapor feed and back- 
ward pumping of liquid reflux. 
Product purity of 99.7% has 
been demonstrated, although 


this purity is normally not 
needed for styrene manufacture. 
> Eliminates Alkylation—Up to 
now, ethyl benzene for styrene 
has been made entirely by alky- 
lating ethylene and _ benzene. 
Cosden could have easily gone 
along with the crowd; it has ben- 
zene available on the site and 
could have recovered ethylene 
from its own field gas. 

But the ethyl benzene content 
of the mixed xylenes—some 25 
to 380% — intrigued Cosden 
President R. I Tollett. He put 
the problem up to Badger, whose 
engineering and economic 
studies convinced Tollett that 
fractionation, not alkylation, was 
the route to travel. 

Badger took the project on 
from there. The styrene unit 
was completed and in operation 
inonly13 months. (Continued) 
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the design 
you want... 


stdeplate 


design. For non-hazardous uses. 


AAA 


with the right 
glass tube... 


bead guide 


For general use giving high 
accuracy over wide range. 


and float... 


naib lead 


2 types, 7 sizes for use 
with bead guide tubes. 


Rugged general-purpose basic 


enclosed pressure sealed 


Attractive design with stainless Strongest of all. Resists breakage. 
bezel; gasketed safety glass cover. Contains liquid if glass ruptures. 


tri-flat plain tapered 


For use with ball floats For special fluids and those 
to meter low flow rates. containing solid particles. 


ball special 


For highly corrosive fluids 


4 materials in 3 sizes 
or specialty applications. 


for tri-flat tubes. 


make these stainless steel enclosed flowmeters 
the right choice for corrosive conditions 


These engineering alternatives just begin to describe 
the reasons why the 1700 Series variable area Flowrator 
meters offer the right solution to corrosion problems. 
Further, you can select from more than twenty dif- 
ferent proven materials for corrosion-proof end fittings 
and floats. Add to this the stainless steel enclosure for 
all models, plus the neoprene backed Teflon packing 
liners, and the applications of the 1700 Flowrator are 
limited only by those that would affect glass. 
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All 1700 Series Flowrators embody proven engi- 
neering principles for measuring any flow accurately 
up to 200 gpm of water, 400 scfm of air. Pipe con- 
nections—horizontal or vertical, screwed or flanged— 
can be made from any direction through a provision 
for 360° rotation of connection. Full data on the 1700 
Series is given in Catalog 10-A-25. For your copy, 
write Fischer & Porter Company, 167 County Line 
Road, Hatboro, Pennsylvania. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 
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>EB to Styrene — Although 
Cosden is stingy with process 
details, Badger points out that 
conversion of ethyl benzene to 
styrene uses some new _ tech- 
niques. 

According to conventional 
practice, as exemplified by the 
Dow process, ethyl benzene is 
catalytically dehydrogenated to 
styrene at 630 C. Steam is added 
to reduce the partial pressure of 
the reaction products, Cosden is 
using a catalyst containing iron, 
chromium and potassium oxides. 
Crude product from the re- 
actor contains about 40% sty- 
rene. This stream goes to a 
smaller tower for removal of 
benzene and toluene, then to the 
185-ft.-high tower mentioned 
above for separation of unre- 
acted ethyl benzene. 

This latter step differs from 
Dow’s flowsheet. Dow avoids a 
tall single column on the basis 
that, even at 85 mm. Hg top 
pressure, bottom column pres- 
sure and temperature would be 
too high, uses instead two col- 
umns of 38 and 82 plates respec- 
tively. Badger designers quite 
likely took advantage of recent 
developments in low-pressure- 
drop fractionation trays, such as 
Turbogrid or ripple trays. 
Regardless of these details, 
however, the plant is perking 
right along. Within 24 hours 
after startup on February 11, it 
reached design capacity of plas- 
tic-grade styrene and is now op- 
erating above that. 


Chemical Firm, Towns 
Join To Fight Pollution 


One of the world’s largest bio- 
logical waste treatment plants is 
a-building at the Bound Brook, 
N. J., works of American Cyana- 
mid’s organic chemicals division. 
New $4.5-million plant will 
treat Cyanamid’s industrial 
waste from its 800 different 
chemical operations at the site 
and will give secondary treat- 
ment to domestic sewage of three 
nearby towns—Somerville, Rari- 
tan and Bridgewater, N. J. 
Treatment will use activated- 
sludge process. 

Teaming up with Cyanamid, 
Somerset-Raritan Valley Sewer- 
age Authority will build its pri- 
mary treatment plant near the 
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Cyanamid unit. To be on stream 
by 1958, both units will reduce 
pollution in upper Raritan River, 
will mean substantial savings to 
taxpayers. 


Chloroisocyanuric Acids 
Leave Pilot-Plant Stage 


Said to be first of its kind in 
this country,* Monsanto Chem- 
ical Co.’s new Everett, Mass., 
plant for continuous production 
of di- and tri-chloroisocyanuric 
acids is expected on stream this 
fall. 

Construction of the multimil- 
lion-lb./yr. plant signals a switch 
from experimental-scale process 
units which have been operating 
continuously at Everett for two 
years. They’ve been turning out 
small quantities of ACL-70 and 
ACL-75, solid chemicals with 
high available chlorine content, 
as active ingredients in dry 
bleaches and industrial sanitiz- 
ing agents. 

The two products are out- 
growths of Monsanto’s basic re- 
search in the fields of nitrogen 
and isocyanate chemistry. 


Soviets Slate Plants For 
Fe Via Methane Reduction 


Soviet Union is firming plans 
to build its first iron plants to 
reduce iron ore to iron sponge 
using methane gas as a substi- 
tute for coke (Chem. Eng., Jan. 
1957, pp. 130-134). 

Actually, the Soviets admit, 
iron sponge production was in- 
cidental to their aim to work out 
a process for winning hydrogen 
by reacting iron oxides with 
methane gas. New iron plants 
will produce hydrogen, too. 

Development work is still un- 
der way at the chemical labora- 
tory of the Oil Institute of the 
U.S.S.R. Academy of Sciences. 
Here, ore from several deposits 
has been treated by the new 
process. Soviets claim they’ve 
achieved 90% extraction of iron 
from ore, after passing concen- 
trate from reactor through mag- 
netic separators. 

Researchers estimate that cost 
of process installation will be 
half that of a blast furnace of 
comparable capacity. 


Convention Calendar 


American Society of Refrigerat- 
ing Engineers, annual meet- 
ing, Hotel Fontainebleau, Mi- 
ami Beach, Fla., June 3-5. 


Chemical Institute of Canada, 
40th annual conference, in- 
cluding papers on chemical 
engineering, chemical educa- 
tion, protective coatings, Uni- 
versity of British Columbia, 
Vancouver, B. C., June 3-5. 


American Institute of Electrical 
Engineers, conference on rec- 
tifiers in industry, Morrison 
Hotel, Chicago, June 4-5. 


Forest Products Research So- 
ciety, tenth national meeting, 
Asheville Municipal Audito- 
rium, Asheville, N. C., June 
4-7. 


Manufacturing Chemists’ Assn., 
annual meeting, Greenbrier 
Hotel, White Sulphur Springs, 
W. Va., June 6-8. 


American Nuclear Society, third 
annual meeting, Penn-Shera- 
ton Hotel, Pittsburgh, Pa., 
June 10-12. 


3rd Western Plant Maintenance 
and Engineering Show and 
Conference, Civic Auditorium, 
San Francisco, Calif., June 
11-13. 


Process Control Theory, sum- 
mer course, Case Institute of 
Technology, Cleveland, Ohio, 
June 11-29 (2nd session: July 
15-Aug. 2). 


Operations Research Confer- 
ence, sponsored by Illinois In- 
stitute of Technolgy, IIT cam- 
pus, Chicago, June 12-14. 


American Society for Testing 
Materials, annual meeting, 
Chalfonte-Haddon Hall, At- 
lantic City, N. J., June 16-21. 


Second Industry Seminar, “Wa- 
ter-Derived Problems of the 
Pulp and Paper Industry,” 
Institute of Paper Chemistry, 
Appleton, Wis., June 16-July 
11. 


American Association of Cost 
Engineers, annual meeting, 
Univ. of New Hampshire, 
Durham, N. H., June 26-29. 
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Now! 
Oronite’ PHENOL plant capacity 


increased 30% 


—all available to Oronite customers! 


The acceptance and growing demand for Oronite Phenol U.S.P. 
has resulted in a recent 30% increase in plant output. As in 
the past, this increased production will ALL be available to 
Oronite customers—none will be held back for Oronite’s own 
use. And as the demand for Phenol increases further in the 
years to come, you can be assured of Oronite’s willingness and 
ability to meet their customer’s requirements. 


Oronite is the only Phenol producer in the U.S. with complete 
control of raw materials and manufacturing from start to finish— 
using its own petroleum stocks as raw material. Such a basic 
Phenol source, that always offers increased plant output to 
customers, doubly assures you of a most dependable supplier. 


If you are interested in Phenol now and in the years ahead, or 
if your process requires a highly pure product—talk over 

your requirements with Oronite. Tank car, tank truck and drum 
shipments are quickly available from bulk distribution terminals 
at key consuming points. 


EXECUTIVE OFFICES 
200 Bush Street, San Francisco 20, California 


SALES OFFICES 
New York, Wilmington, Chicago, Cincinnati, Dallas, Los Angeles, San Francisco 


EUROPEAN OFFICE 
36, Avenue William-Favre, Geneva, Switzerland 4207 


Bog! ORONITE CHEMICAL COMPANY 
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Sulfur Sparks New Bulk Loading Ideas 


Pantograph rod 


Tilting 
mechanism 


telescoping 
hoist 


Top chute 
section 


Middle chute 
section 


Lower chute 
section 


Entire chute 
can rotate 
360° 
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Traveling shiploader, telescoping chute conform 
to No. 1 demand posed by dry, dusty, combustible sulfur: 
Avoid all danger of flash fire from static electricity. 


IRCLED on the giraffe-like 
structure you see above is 
the key component of Freeport 
Sulphur Co.’s new traveling 
shiploader at Port Sulphur, La. 

It’s a special telescoping chute 
which successfully copes with 
tricky loading problems stem- 
ming sulfur’s unusual 
physical properties. 

Designed by Hewitt-Robins 
and Freeport engineers, this 
shiploader is the latest thing for 
loading, quickly and efficiently, 
large volumes of light, bulky or 
dusty materials. The $1-million 
installation on the Mississippi 
River 50 miles below New 
Orleans is now loading sulfur at 
a 1,000-ton/hr. clip. And, adds 
Hewitt-Robins, the new design 
ean work for bauxite, alumina, 
phosphates, even coal. 
> Danger: Static—Idea for the 
telescoping chute was spurred 
largely by sulfur’s peculiar han- 
dling properties. Though neither 
sticky nor abrasive, sulfur is 
dusty, and it readily picks up a 
static electrical charge. This 
means that rough treatment— 
throwing or dropping the sulfur 


too far—could cause a spark and 
touch off a flash fire. 

Too, the low density of bulk 
sulfur demands that loading op- 
erations use all the available 
space in ships’ holds. 
>» Nosey Chute—This is where 
the chute does its job, nosing 
into hard-to-get-at corners in 
the holds of ships and barges 
and gently placing sulfur in 
them. 

The chute can rotate full circle 
in either direction and discharge 
material at all positions. It tilts 
through an angle up to 10 deg. 
with the vertical and can tele- 
scope from 83 ft. to 59 ft. below 
the head pulley. If it has to, it 
can throw material as much as 
20 ft. in any direction. 
> Fingertip Control—The rest 
of the giant structure serves to 
put the chute where it does the 
most good. Shiploader can 
shuttle 400 ft. along the dock, 
poke the chute out to 45 ft. from 
dockside and lift it to clear an 
elevation of 54 ft. Machine can 
move from one ship’s hold to 
another in less than five minutes. 

Entire installation is run re- 


June 1957—Cuemicat ENGINEERING 


CHE 


. 
Chute 
is 


Eighteen Chicago Bridge & Iron Company tanks 
are used to store a wide variety of process 
chemicals for Western Phosphates Incorporated, 
Garfield, Utah, manufacturers of commercial fer- 
tilizers. Liquids stored in these modern welded 
steel units include sulphuric acid, dilute and con- 


centrated phosphoric acid, fuel oil and water for 


general plant service. 


» to nKS USOG Wate chemi-- 
cals at Western Phosphates 
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~--£romm Aciad 
to Water... 


| tanks meet wide variety of storage requirements 
é at Western chemical plant 


CB&I is a steel plate specialist ... with four 
plants completely equipped to furnish all types 
of steel plate structures in both standard and 
unique designs. Our complete designing, fabri- 
cating and erecting facilities have been serving 
industry for over 65 years, When you have stor- 
age problems of any kind, write our nearest 


office for help and information, 


Atlanta © Birmingham ¢ Boston © Chicago © Cleveland © Detroit © Michigan 


New York © Philadelphia © Pittsburgh * Salt Lake City © San Francisco 
Seattle © South Pasadena © Tulsa 


Plants in BIRMINGHAM, CHICAGO, SALT LAKE CITY and GREENVILLE, Pa. 


' 
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motely from a small pushbutton 
control box which the operator 
can carry on to the deck of the 
ship. This one man not only 
governs the motion of the ship- 
loader proper, but also controls 
three dock conveyors and six 
preceding conveyor belts, total- 
ing more than three-quarters of 
a mile in length. 

> Formidable Mechanics — 
While the loading chute has the 
flexibility of an elephant’s trunk, 
it created some tough design 
problems for engineers. 

Other existing sulfur chutes 
are attached to the boom 
(giraffe’s neck in the picture) 
through a universal joint and 
are tilted by block and tackle tied 
to the ship’s hatch coaming. 
It’s a hard, time-consuming job. 

A. T. Yu, Hewitt-Robins chief 
design engineer, and Freeport 
Design Engineer R. L. Bouis felt 
that they couldn’t use a uni- 
versal connection because they 
needed rigidity at just this point. 
What was needed, they reasoned, 
was a rigid, yet flexible, connec- 
tion that would hold the chute at 
or near the vertical as the angle 
of the boom changed. They 
found their answer in a panto- 
graph mechanism which keeps 
the chute’s supporting platform 
horizontal at all times. 

Chute’s flexibility, they point 
out, created a lot of engineering 
problems for the whole struc- 
ture. For one chute position, de- 
signers had to calculate two rope 
reactions, one pantograph re- 
action, five platform-hinge reac- 
tions and five boom-hinge reac- 
tions. 
>Here Are Some Twists—De- 
signers came up with some novel 
ideas to give the loader the flex- 
ibility they needed. 

Supporting the boom is a 
cradle (giraffe’s body) riding on 
two sets of trucks (forelegs and 
hindquarters) 75 ft. apart. En- 
gineers didn’t want to sacrifice 
light weight for rigidity by load- 
ing down the structure with a 
lot of bracing between the 
trucks (some parts of the load- 
er, including the chute, are 
made of aluminum alloy). But 
they had to find some way of 
keeping the trucks aligned so 
the massive cradle wouldn’t be 
twisted out of shape. 

They devised an electrical con- 
trol system to synchronize the 


motion of the trucks. System 
allows a certain amount of skew 
in the cradle and then actuates 
a thruster brake on the truck 
most advanced in the direction 
the cradle is moving. 

All construction in the ship- 
loader contributes to flexibility 
and allows as much as a 12-in. 
misalignment of dock rails and 
a 1-deg. skew in the cradle. 

An L-shaped platform, pinned 
to the boom and held horizontal 
by the pantograph rod, supports 
a turntable that rotates the 
chute. Tilting is done by a ver- 
tical screw linked to a bracket 
on the turntable, and a double- 
drum hoist is used for tele- 
scoping. 

Solid engineering went into 
Freeport’s new shiploader, and 
it’s a good bet that other firms 
with materials-handling head- 
aches will be looking at it to get 
ideas they can apply to their own 
problems. 


Continuous Process Plant 
Will Make Methyl Butynol 


Slated to be in production by 
fall of this year, Air Reduction 
Chemical Co.’s methyl butynol 
plant at Calvert City, Ky., will 
be the first in the U.S. to use 
a continuous process in making 
the tertiary acetylenic alcohol. 

Process, developed by Airco 
research, involves reaction of 
acetylene and acetone over a 
basic catalyst. 

Airco will make both methyl 
butynol (2-methyl-3-butyn-2-ol) 
and methyl pentynol (3-methyl- 
1-pentyn-3-0l) at Calvert City. 
Acetylene will come from Na- 
tional Carbide Div.’s nearby cal- 
cium carbide plant. Butynol ca- 
pacity will be 3 million lb./yr. 

Isoprenoid structure and the 
chemistry of the two acetylenic 
alcohols make them good start- 
ing materials for synthesizing 
flavors, perfumes, pharmaceuti- 
cals and specialty monomers. 
Both alcohols retain the triple 
bond of the parent acetylene but 
are themselves completely stable 
and cause no handling or storage 
problems. In addition to the 
triple bond, they have two other 
reactive points: at the hydroxyl 
group, and an acetylenic hy- 
drogen. 

Methyl] butynol is also used as 


an acid-corrosion inhibitor, HCl 
scavenger in chlorinated sol- 
vents, brightener in metal plat- 
ing and specialty solvent. 


New Unit and New Process 
Will Synthesize Vitamins 


Representing a “true total 
synthesis” of vitamins A, E and 
K, a new process developed by 
Hoffman-LaRoche soon will be 
put through its paces at the 
firm’s Nutley, N. J., plant. 

Though not yet ready to re- 
veal process or production de- 
tails, H-L does say that the 
starting materials for the proc- 
ess are acetone and acetylene. 
This makes the process commer- 
cially very attractive. 

Ready domestic availability of 
the raw materials free the vita- 
min products from market 
whims of imported lemon-grass 
oil. Lemon-grass prices fluctuate 
between $1-$4/lb. 

H-L has set no definite on- 
stream date, says only that the 
unit is “nearing completion.” 


Low-Pressure Poly Spurs 
Fruitful Catalyst Seare 


' Spurred by the impending 
boom in low-pressure polyethyl- 
ene production, Metal Hydrides, 
Inc., Beverly, Mass., has devel- 
oped new techniques to synthe- 
size heterogeneous polymeriza- 
tion catalysts for ethylene. 

Technique uses MHI’s new so- 
dium-hydride-in-oil dispersion of 
5-25-micron particles in white 
mineral oil. It involves reacting 
sodium hydride with titanium 
or aluminum chlorides in the re- 
action vessel, then adding ethyl- 
ene. This procedure avoids iso- 
lating and handling spontaneo- 
usly flammable aluminum alkyls 
and aluminum alkyl hydrides. 
It eliminates laborious Ziegler 
technique for grinding granular 
sodium hydride. 

MHI researchers have synthe- 
sized such catalyst systems as 
NaH-TiCl, and NaH-AICl,-TiCl. 

Techniques prepare catalysts 
which are active at moderate 
pressures for polymerizing ethyl- 
ene to linear, high-density poly- 
mers of molecular weights up to 
300,000. 
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We'll be glad to send you a copy of Sharples Bulletin 1248, 


THE SHARPLES CORPORATION 


2300 WESTMORELAND STREET © PHILADELPHIA 40, PENNSYLVANIA 


NEW YORK © PITTSBURGH © CLEVELAND @ DETROIT @ CHICAGO @ NEW ORLEANS 
SEATTLE @ LOS ANGELES @ SAN FRANCISCO © HOUSTON @ ST. LOUIS @ ATLANTA 


Associated Companies and Representatives Throughout the World 
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Removing such eeclinkers” is one of jobs for which the 
Sharples Supet Centrifuge ideally suited — continuo” 
¥ clarificatiom of liquids, separation of two nmiscible liquids; 
highest centrifugual force commercially available 13,200 * G. 
The Sharples Super Centrifuge performs many process functions 
at lower cost and with greater efficiency than by other means, 
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POLYSTYRENE warehouse typifies Dow’ 


s faith in pole-type buildings. 


Poles Furnish Cheap Support 


. - - for roof and walls of plant buildings, elimi- 
nate the usual foundations as well, yield a sound, durable 
structure at a fraction of normal building cost. 


A new, low-cost type of build- 
ing which first appeared on the 
industrial horizon about two 
years ago now dots the landscape 
in increasing frequency. 

Based on the use of treated 
wood poles, these buildings are 
providing warehouses, office 
space and even space for proc- 
essing. Dow Chemical has built 
four at Midland, Mich., contem- 
plates more; industry total is 
well up in the hundreds. 

Selling Points—Using firmly 
planted, strategically located 
utility poles to replace frame- 
work, foundation and roof sup- 
ports, the buildings are usually 
enclosed with aluminum or gal- 
vanized steel. Major advantages 
are: 

eLow cost—One new Dow 
building, 126 x 261 ft., for stor- 
ing plastic materials, was erected 
by an independent pole-building 
contractor for $1.43/sq. ft. 
(This did not include a specially 
prepared crushed-rock floor or 
the sprinkler system.) A more 
conventional warehouse would 
have cost two or three times as 
much. In general, this type of 
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construction gives two to three 
times the available work and 
storage area for your construc- 
tion dollar. 

Speed of erection—There 
have been many field reports of 
small crews starting a 2,400-sq.- 
ft. structure on Monday morning 
and having it completed by Sat- 
urday. Strength of the an- 
chored poles reduces the amount 
of building materials required. 
Labor costs are cut to a mini- 
mum, and construction time is 
speeded up accordingly. 

¢ Durability—Commercially: 
treated with a permanent wood 
preservative, such as pentachlo- 
rophenol, poles last as long as 
the other materials in the build- 
ing. Baseboards are also treated 
with a preservative. The build- 
ings are highly wind-resistant 
because the poles, imbedded 5 
ft. in the ground, provide firm 
anchorage. Siding and rafters 
are nailed solidly to the poles, 
and this, in turn, gives the walls 
and roof strong support. 

Flexibility in design— 
Since the roof is completely sup- 
ported by the poles, any inside 


partition can be moved or elimi- 
nated after the building is com- 
pleted. Any part of the building 
can be finished off for office or 
sales areas. Remodeling or ex- 
pansion is quick and simple. 
>How Firm a Foundation— 
Chief difference between a con- 
ventional and a pole-type build- 
ing is in the foundation. Poles 
similar to the usual utility pole, 
placed in the ground at the 
perimeter of the building and 
set at proper positions through- 
out the interior, form the foun- 
dation. These foundation poles 
can be installed more quickly 
and at lower cost than the usual 
foundations. 

In addition, complicated fram- 
ing and other expensive elements 
found in conventional buildings 
are largely eliminated. A mini- 
mum of sawing and framing is 
required. When used for bulk 
storage, the strength of the poles 
themselves gives excellent rigid- 
ity against heavy side pressures. 

Acceptance of the pole-type 
building by the farmer a decade 
ago created a demand for spe- 
cialized contractors who could 
erect the structures quickly and 
efficiently. Originally considered 
suitable only for farm use, pole- 
type construction now appeals to 
businessmen and engineers as 
one effective way to fight rising 
construction costs. 
>Number Five Going Up — 
Dow’s first pole-type building, 
for titanium processing and stor- 
age, was completed last Septem- 
ber. Height is 30 ft. at the peak, 
requiring some poles as long as 
35 ft. It is 67 x 91 ft., contains 
a 6-in. reinforced concrete floor, 
has aluminum roofing and siding. 

Two months later the company 
completed a pole-type tank-car 
coating shed. Main building is 
20 x 50 ft. with a 14 x 24-ft., 
completely enclosed, attached 
heater house. Here, tank cars 
receive several types of interior 
linings to prevent contamination 
of products or corrosion of the 
cars. On three sides of the floor- 
less building, aluminum siding 
extends only halfway to the 
ground. 

In March, the latest and the 
largest Dow pole buildings were 
completed: the plastics storage 
building mentioned earlier; and 
a 76 x 154-ft. pole building for 
transient storage of phenol prod- 
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FIG. 2475—Stainless Steel 0.S. & Y. FIG. 2456 SG—Large Stainless Steel 


Globe Valve for 150 Pounds W.P. Gate Valve for 150 Pounds W. P. Flanges 
: conform to latest Standards. 
FIG. 2309 SW—150-Pound 
Flush Bottom Tank Valve with FIG. 2433 SS—Large Stainless Steel 
Powell Patented Seat Wiper. Swing Check Valve for 150 Pounds W.P. 


Designed for long life, designed for dependable service Im 


Consult your Powell Valve distributor for all the facts about quality proved bronze, iron, steel and 
corrosion-resistant valves. No matter what the flow control problem, a Powell Valve can solve it . . . better. 


THE WM. POWELL COMPANY, CINCINNATI 22, on10... 111th VEAR 
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ucts was completed at a cost of 
$2.86/sq. ft. (This cost figures 
in a 6-in. reinforced concrete 
floor but not the sprinkler and 
electrical systems.) 

Dow’s immediate plans for 
more pole-type buildings include 
a large calcium chloride ware- 
house to be constructed this sum- 
mer. 


U. K.’s Hinton Projects 
Cost of Nuclear Power 


Speculation over gas-cooled 
nuclear reactor economics has 
been keen ever since Britain’s 
Calder Hall power station swung 
on stream (Chem. Eng., Dec. 
1956, pp. 114-116). 

Now U. K. Atomic Energy Au- 
thority’s Sir Christopher Hinton 
has just provided a detailed cost 
estimate of such electrical power 
generation. From his figures, 
this kind of reactor proves to be 
surprisingly competitive. And 
striking cost reductions are 
promised for the future. 

Hinton puts reactor’s present 

generating cost at 6.6 mills/ 
kwh., as compared with conven- 
tional installations’ 6 mills/kwh. 
By 1990, gas-cooled reactors 
should produce electricity for 3.2 
mills/kwh., while generating 
costs of conventional plants will 
have climbed to 8.4 mills/kwh. 
» Cheaper in Six Years — In 
fact, Hinton predicts, nuclear 
stations on stream in 1963 will 
already show cost advantages 
over fossil-fuel-fired stations. 

These figures refer specifically 
to reactors uprated and opti- 
mized for power generation. 
They don’t apply to Calder Hall 
itself, whose reactors are de- 
rated and optimized for plu- 
tonium production. Calder Hall’s 
costs are under AEA security 
wraps to avoid revealing Brit- 
ain’s plutonium output. 

Here’s Hinton’s cost break- 
a down per kwh. generated: 3.7 

4 mills capital cost (interest and 

7 depreciation), 0.6 mills fuel in- 
; terest charge, 0.6 mills operat- 

pe ing cost, 2.4 mills fuel-replace- 
d ment charge. And then there’s 
a 0.7-mill credit for byproduct 
plutonium. 

Comparable breakdown for 
conventional plant runs 1.2 mills 
for capital, 1.2 mills for fuel and 
4.4 mills for operation. 
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New Look in TEL 


Just on stream is Du Pont’s 
new multimillion-dollar tetra- 
ethyl lead plant at Antioch, 
Calif., near San Francisco. In 
center of the picture is reactor 
tower using continuous process 
—more efficient than the old 
batch process—to make TEL. 


To put these numbers in an 
American frame of reference it’s 
useful to note how the British— 
with nationalized industries, etc. 
—figure their costs. Capital 
charges are based on a 5% in- 
terest rate over a 20-yr. life. 
Fuel costs run $56,000/ton, with 
interest charged at 5%. Fuel 
utilization averages out to 1,500 
days/ton. 

Biggest cost reductions will 
come in capital charges—from 
present 3.7 mills to 2.2 mills by 
1990. Primary technical factor: 
Higher gas temperatures will 
be permissible, allowing higher 
steam temperatures and better 
thermal efficiencies. 


News Briefs 


Silicones: Minnesota Mining & 
Mfg. is putting in a pilot 
plant at Hastings, Minn., to 
make silicones. It won’t start 
cold on raw materials but 
will use intermediates. 


Sodium borohydride: Metal Hy- 
drides, Inc., Beverly, Mass., 
has been awarded a $9.2-mil- 
lion contract by U.S. govern- 
ment for delivery of sodium 
borohydride. New plant now 
under construction at Dan- 
vers, Mass., will produce the 
hydride for the government’s 
high-energy-fuel program. 


Ethylene dibromide: Newly es- 
tablished Dead-Sea Bromine 
Works, Ltd., will turn out 
1,800 tons/yr. of ethylene di- 
bromide under patent rights 
acquired from a German 
chemical concern. 


Aluminum: Three companies, 
Kaiser, Reynolds and Alumi- 
num Co. of Canada, are plan- 
ning expansion in production 
or processing of aluminum: 
Kaiser—Aluminum foil plant, 
Belpre, Ohio, $2 million; 
Reynolds—$150 million for 
primary aluminum plant near 
St. Lawrence Seaway project; 
Alcan — $125-million "public 
debenture offering for 10- 
year expansion program that 
will double capacity. 


Acrylonitrile: Monsanto Chem- 
ical Co. and Carbide & Car- 
bon Chemicals Co. both plan 
boosts in acrylonitrile pro- 
duction. Carbide will double 
output at its Institute, W. Va., 
plant by the second quarter 
of 1958. Monsanto is boosting 
capacity at Texas City, Tex., 
to 100 million lb./yr. 


Semicellulose: Austrian scien- 
tist Karl Schuler has made 
public data on a new process 
claimed to produce whitish 
semicellulose usable in manu- 
facture of all but the finest 
grades of paper. Commer- 
cial value of the process, says 
Schuler, is that from a given 
amount of raw material twice 
as much semicellulose can be 
derived at equal quality as 
can sulphite-type cellulose. 
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Where lead gives 
useful corrosion control 


in liquid Sulphur Dioxide 
process vessels and piping 


4 Hot SO. vapors and other oxidation 


° products present in liquid SO. proc- 
o=s=0 essing are “murder on metal.” Even 
° that old corrosive marauder, H:SO, 
H gets into the act. 


As a result, lead practically lives with these 
acids and gases throughout the SO. process. 
In fact, the flow chart at the right is almost 
a continuous flow of lead applications. For 
ducts. For piping. For sheet lead linings in the 
larger units like the scrubbers and strippers. 
It is used with steel, with wood, with copper 
and, in some cases, with concrete. The result 
is low maintenance cost, facility of repair and 
consequent freedom from costly production 
stoppages. 

If your process involves corrosive chemicals, 
look to lead for long life, low maintenance and 
minimum loss of production due to down-time. 


When you think of Lead 
think of 


National 
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4 SO, 
feed tank 


“Absorbing «Heat exchanger 
tower (Concentric lead pipe) 


lead shell, 
inter coolers 19 ant lead trays” 
(ant. lead pipe) and caps) 


Hot gas cooler 


“Liquid $0, 


to storage 


4 
Stripping Regenerator 


tower i heater 
i 


Steel-lead 

bonded shell, 

29 lead trays 
andcaps 


Steam) 


National Lead has the experience 
to get lead and steel together in a 
bond that defies severe pressure and 
temperature changes, vibration and 
creep. That’s been proved not only 
in regular production “stock” items 
such as piping and valves but also 
in specially designed, complex lead 


process and storage equipment. 

If you are enlarging or modernizing 
your processing facilities, now’s a 
good time to get the facts about 
lead-lined equipment. Contact Na- 
tional Lead Company, Lead Lined 
Products, 111 Broadway, New York 
6, New York. 
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SOLVENT EXTRACTION gains ground in uranium processing with. . . 


Better Uranium Extractants 


Two new alkyl phosphate esters are permitting 
uranium processors to capitalize on solvent extraction’s 
inherent advantage of simple continuous operation. 


Effectiveness of two new 
alkyl phosphate esters as selec- 
tive solvents for the extraction 
of uranium creates a better in- 
dustry-wide competitive posi- 
tion for the extraction method 
vs. ion exchange. 

Dow Chemical Co. is cur- 
rently offering: Dowsol 12, the 
monododecyl phosphoric acid, 
known as DDPA, on a commer- 


cial basis; Dowsol 17, the hep- 
tadecyl phosphoric acid, on a 
developmental basis. They are 
the first of a family of solvents 
to be offered by Dow not only 
for uranium processing but for 
other metal processing such as 
recovery of vanadium, thorium 
and other base metals. 
Compared to older solvents, 
both offer: higher uranium co- 


efficients, lower water solubil- 
ity. But on both these counts, 
Dowsol 17 is believed to excel 
even Dowsol 12. In addition, 
Dowsol 17 can be stripped by 
the use of carbonate whereas 
hydrochloric acid is recom- 
mended for stripping uranium 
from Dowsol 12. 

Dowsol-12 is supplied as a 
25-30% solution in kerosene. 
For use in metal recovery, it is 
diluted with kerosene to a con- 
centration of from 2-5% alkyl 
ester. This mixture of Dowsol- 
12, the extractant, and kero- 
sene, the carrier, is termed the 
solvent. Dowsol-12-kerosene so- 
lutions are immiscible with 
aqueous solutions, slurries, or 
pulps. 

When this solvent is con- 
tacted with a solution contain- 
ing metal values, the values are 
transferred from the solution 
to the solvent. The barren solu- 
tion and loaded solvent result- 
ing from such contact are sepa- 
rated by settling due to specific 
gravity differences. After sepa- 
ration, the solvent is stripped 
of metal values by contact with 
strip solutions and the solvent 
reused. 

Various stripping solutions 
are suitable for the different 
metals. For uranium 10 molar 
hydrochloric acid is recom- 
mended. The pregnant strip 
solution can be evaporated to 
yield a concentrated solution of 
uranyl chloride and _ hydro- 
chloric acid suitable for reuse 
in stripping. 

Vanadium is stripped with 
one molar sulfuric acid and a 
red cake product precipitated 
from the strip solution by con- 
ventional methods. Thorium 
fluoride can be precipitated di- 
rectly from the solvent by an 
acid fluoride solution. 

Reactions involved with Dow- 
sol-12 are cation exchange in 
nature. The general reaction is: 
RP0(0H):+Mt—RP0(0H)0M+H* 

Extractability of metals in- 
creases in general with increas- 
ing valence of the cation. The 
complexing action of the phos- 
phate group makes the solvent 
quite selective for cations such 
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"Very satisfactory sealing service 
against wide variety of fluids 
and pressures up to 5,500 psi" 


Uneepac comes in two types. 
Shown here is design for flange 
widths up to 14” which is used in 
BS&B Glycol Pump. Large illus- 
tration above shows design for 
flange widths over 14”. 


Johns-Manville PACKINGS, GASKETS and TEXTILES 
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Chalk up another success story for 
Uneepac—Johns-Manville’s automatic 
ring packing. In the BS&B Glycol Pump, 
fluids handled include triethylene glycol, 
diethylene glycol, gasoline, and various 
types of oils, alcohols and petroleum 
treating chemicals. Working pressures 
range from 125 psi to 5,500 psi with aver- 
age operating pressures at 3,000 psi. Yet 
despite these rugged service conditions, 
Uneepac has delivered—in Black, Sivalls 
and Bryson’s own words—‘“‘very satis- 
factory service.” 

Many other packing users have ac- 
claimed J-M Uneepac for its long, trouble- 


says Black, Sivalls and Bryson, Inc. 


makers of BS&B Glycol Pump 


free service. Each ring is a complete 
packing unit. Fewer rings are needed than 
ordinarily required and stuffing box size 
can be reduced to the minimum. Each 
ring centers itself automatically on the 
preceding ring to simplify installation. 
This exclusive design also permits fluid 
pressure to act upon each lip individually 
and protects lips from excessive gland 
pressure. 

J-M Uneepac comes in a wide range of 
styles and sizes for many rod and plunger 
applications. For further information 
write Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ontario 
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Newsworthy chemieals this month 


Better solvents aid uranium extraction, ..172A 
Polystyrene makes hard-to-break parts. ..174A 


Black polyethylene excels outdoors....... 174B 
Black polyethylene improves mulches. .... 174C 
New “tough as nails” polycarbonates..... 176A 
Menthane diamine for use in epoxies..... 176B 


New synthesis unlocks new fluorocarbons.176C 
Diethyl toluamide, all-purpose insecticide. 178A 
Actinium produced for well logging...... 178B 


New electrical insulation resists 932 F.. ..178C 
Behenic acid stabilizes emulsions........ 180A 
Liquid defoamer eases pain processing. ..180B 
New wax improves polyethylene products.180C 
New epoxy potting and casting system... .180D 
Motor additive may halt sludging........ 180E 
New form, tetramethyl] thiuram disulfide. .180F 
Viscosity index improvers for lubes...... 180G 


Penicillin synthesis makes analogs possible 
180H 


compared to other cations. Fe” 
and Al* interfere to slight 
degree. 

Dowsol-12’s chemical name 
is mono-[1-(2-methyl propyl)-3, 
5-dimethyl -hexyl] phosphate. 
It’s molecular weight is 266. 
Current price is $1/lb. of active 
ingredient fob. Pittsburg, Calif. 


—Dow Chemical Co., Midland, | 


Mich. 172A 


Polystyrene 


New molding compound im- 
proves breakage resistance 
of thin walls. 


SMD-3700 Crystal 11 is a new 
free flowing polystyrene injec- 
tion molding compound specifi- 
cally developed for thin walled 
parts, such as containers and 
lids, and for intricately de- 
signed, long flow parts which 
tax machine capacity. 

This material is designed to 
flow easier into mold cavities at 
lower cylinder temperatures or 
pressures and on faster cycles 
than general purpose polysty- 
renes. It can be molded over a 
wider range of cylinder tem- 
peratures, and is freer flowing 
than general-purpose polysty- 
renes at all of these tempera- 
tures. 

SMD-3700 can be molded at 
cylinder temperatures between 
350 F. and 650 F., depending 
on the part and the cycle. Mold 
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ee number is also Reader Service code me 


temperatures for the materials 
are sometimes slightly lower 
than are used for general-pur- 
pose polystyrenes. The normal 
range of injection pressures, 
10,000 to 20,000 psi., is often 
more than adequate for the 
material. 

Parts molded from SMD-3700 
exhibit reduced strain as com- 
pared to similar parts molded 
from general-purpose polysty- 
renes. SMD-3700 thin wall 
parts, particularly, are less 
highly strained in the direction 
of flow, and hence have greater 
strength across the lines of 
flow, the direction in which a 
molded container or thin walled 
part is weakest. 

The compound is available in 
cylindrical pellets 0.1 by 0.1 in. 
and in a fine granulation for 
dry coloring. In crystal form 
it is free from color and has 
excellent clarity. It molds with 
the same hard glossy surface as 
does general-purpose polysty- 


For More Information... 


about any item in this 
department, circle its 
code number on the 


Reader Service 


postcard inside the 
back cover 


For more about any item. use the Reader Serviee Card 


rene. It can be printed or 
coated by the same techniques 
as are used for other polysty- 
renes.—Bakelite Co., 260 Mad- 
ison Ave., New York 16, N. Y. 

174A 


Black Polyethylene 


Now available as a film 
and paper coating resin for 
outdoor use. 


Alathon 5F polyethylene 
resin is a new high-quality 
black formulation, commercially 
available as a film and paper- 
coating resin for applications 
where resistance to outdoor 
weathering is important. Prod- 
ucts extruded from it are said 
to be notably free of pinholes 
and surface defects. Complete 
dispersion of carbon black in 
film insures greater protection 
against degradation caused by 
sunlight. 

A medium-density material, 
Alathon 5F is intermediate also 
in stiffness, toughness, yield 
strength, impermeability, etc. 
The dispersion of carbon black 
in the resin is comparable to 
that found in the best black 
film used in electrical applica- 
tions. Melt index is well within 
the range commonly found in 
film and paper coating resins. 
It is easily extrudable, non- 
toxic. Price is 374¢/lb. in truck- 
load quantities. 

Its most dramatic application 
to date is in the experimental 
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TRIBUTYL PH 
MAXIMUM HEAT EXCI 


As a fluid heat exchange medium, 
Tributyl Phosphate is notable for 
being useful over such a wide range 
of temperature. 


When compared with aqueous so- 
lutions and halogenated compounds, 
TBP offers many unique advantages. 
It is non-corrosive, non-flammable, 
non-volatile and is of a low order of 
toxicity. 


Calcium chloride solutions, al- 
though sometimes used at low tem- 
peratures, are highly corrosive and 
cannot be inhibited. Glycol solutions 
are too viscous to use below —50°F, 
and most other organic compounds 
which can be used below —50°F are 
unsatisfactory from a standpoint of 
toxicity, volatility, flammability and 
corrosive properties. 


Tributyl Phosphate has been sat- 
isfactorily tested as a heat exchange 


medium within the range of —100°F 
to +175°F. With its high boiling 
point (851°F at 27 mm), it is most 
useful in multi-purpose systems 
where heating may follow a cooling 
cycle. In addition, TBP has a high 
density of 0.97 g/ml which requires 
a smaller volume than some other 
liquids. 

At —94°F, the viscosity of Tri- 
butyl Phosphate is 296 centipoises 
and available data indicates that the 
viscosity at —120° F would be around 
1000 centipoises. Since centrifugal 
pumps can easily accommodate a 
liquid of 1000 centipoises, and even 
3000 if necessary, TBP should be 
useful even as low as —120°F. 

Write today for sample, technical 
data sheet and for information on 
utilization of TBP in brine-type re- 
frigeration units and other heat ex- 
change systems. 


INDUSTRIAL CHEMICALS DEPARTMENT 


COMMERCIAL SOLVENTS CORPORATION 


260 MADISON AVE., NEW YORK 16, N. Y. 
Boston « Chicago « Cincinnati * Cleveland « Detroit * Houston « Indianapolis * Kansas City * Los Angeles 
Louisville * Memphis « Milwaukee *« New Orleans « New York « Pittsburgh « St. Louis * San Francisco 


In Canada: Reliance Chemicals, Ltd., Montreal. 


DISCOVER 
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SPHATE FOR 
ANGE USEFULNESS... 


Physical Properties 


Specific Heat 0.43 cal/g (0.76 Btu/Ib.) 


Molecular Weight 266.316 (calc.) 
Boiling Point at 27 mm 177°-178°C 
Freezing Point <—80°C 
Density at 25°C 0.972 
Weight per U.S. gallon at 68°F 8.19 Ib. 
Coefficient of Expansion 0.00052 per 1°F 
Refractive Index, np at 25°C 1.422 
Viscosity at 77°F 3.41 cp 

—94°F 296.0 cp 
Latent Heat of Vaporization 55.1 cal/g 
Dielectric Constant at 30°C 7.959 
Flash Point, Cleveland Open Cup 294°F 


Solubility in water at 25°C <1% by volume 


Solubility of water in 
Tributyl Phosphate at 25°C 6.55% by volume 


In Mexico: Comsolmex, S.A., Mexico 11, D. F. 
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Brand new family of plastics, 
the polycarbonates, are strong 
enough to make nails for driv- 
ing into lumber. Developed al- 
most simultaneously by GE and 
Germany’s Beyer (Chem. Eng., 
May 1957, p. 144), they excel 
older competitive resins, and 


New “Tough as Nails” Polycarbonate Plastics 


cellulosics, in tests of impact 
resistance. They also outstrip 
most of the competition in ten- 
sile strength, resistance to heat 
distortion. Ultimately, their 
price may fall in the 50¢/Ib. 
range. — General Electric Co., 
Pittsfield, Mass. 176A 


solar distillation unit designed 
by Du Pont in conjunction with 
a program conducted by the 
Dept. of Interior to utilize the 
sun’s energy in converting salt 
water to fresh water. The heavy 
black plastic base or evapora- 
tion pan is composed of Ala- 
thon 5F, making large scale 
economical distillation of saline 
water more of a commercial 
possibility. In most climates, 
life expectancy of film made 
from the new black polyethyl- 
ene is from two to four years. 

Other suggested applications 
for the new polyethylene for- 
mulation are conveying and 
storage of irrigation water; 
protection of harvested crops, 
mechanical equipment,  con- 
struction materials and other 
perishables from weather; 
ground mulches for such crops 
as pineapples, strawberries, 
beans and tomatoes; vapor bar- 
riers to retard the evaporation 
of water during the curing of 
concrete; light barriers for use 
in packaging sensitive mate- 
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rials; water-resistant construc- 
tion papers; and as gas barriers 


.in soil fumigation.—Du Pont 


Co., Wilmington, Del. 174B 

And Bakelite has a_ black 
mulching film made from spe- 
cially formulated polyethylene. 
Tests made on it at Kentucky’s 
Agricultural Experiment Sta- 
tion showed that it more than 
pays for itself in the first ten 
weeks of the growing season by 
forcing produce to early ma- 
turity. In addition, the black- 
mulched part of an_ experi- 
mental garden at the station 
was weedless and vegetables 
grown there were bigger and 
healthier. 

Clear films worked as well as 
opaque ones in retaining soil 
moisture and in keeping ripen- 
ing fruit from coming in con- 
tact with moist ground where 
mold rot and disease start. But 
opaque films had the added vir- 
tue of curtailing the growth of 
weeds. Under clear polyethyl- 
ene films, weed growth was 
luxurious unless the soil was 


first treated with a chemical 
weed killer. Of the variously 
pigmented polyethylene films, 
black appeared the most dur- 
able when mulches were left in 
place for more than one sea- 
son’s use. — Bakelite Co., 260 
Madison Ave., New York 16, 
N. Y. 174C 


Menthane Diamine 


Promises use in epoxy and 
polyurethane manufacture. 


Menthane diamine has been 
added to Rohm & Haas’ t-alkyla- 
mine series. It is available in 
pilot plant quantities at the 
company’s standard develop- 
ment price of $2/lb. 

The new product is expected 
to prove useful as an epoxy 
resin curing agent and a raw 
material for polyurethane manu- 
facture after conversion to the 
diisocyanate. The compound 
will also undergo most of the 
reactions typical of the amino 
group. Reaction with dibasic 
acids or anhydrides to form 
polyamides or use in various 
organic syntheses (preparation 
of dyes, inhibitors, rubber ac- 
celerators and medicinals) show 
commercial promise. 

Other products in the t-alky- 
lamine group which the com- 
pany introduced in 1951 include 
t-butylamine, t-octylamine, Pri- 
mene 81-R and Primene JM-T, 
all available in tankcar quanti- 
ties—Rohm & Haas Co., Wash- 
ington Sq., Philadelphia 5, Pa. 

176B 


Fluorine Compounds 


Range of newly-synthe- 
sized products boast great 
chemical stability. 


The chemistry department of 
Birmingham University in Eng- 
land may soon provide the 
chemical industry with fluorine 
compounds from which can be 
produced a great many versa- 
tile, relatively non-flammable 
materials such as fibers for 
textile, lubricants and plastics 
of great strength and dura- 
bility. 

Recently the department has 
been able to substitute fluorine 
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Ethylene Diamine 
Diethylene Triamine 


Triethylene Tetramine 
Tetraethylene Pentamine 


With Carbide’s Ethylene Amines 
you're not limited in CHOICE or AVAILABILITY 


That’s right—CarsiDE produces all four of the commer- 
cial ethylene amines as distilled, high quality products. 

You're not limited in choice of shipments—not with a 
selection of deliveries in 55 gal. drums in LCL or carload 
lots, compartment tank cars, and tank cars. Fast delivery 


from the CarBIDE warehouse located near you, is another 

The choice of Carpipe’s ethylene amines can help you 
develop sales in these growing markets— | 


© Textile Finishes @ Petroleum Additives 
@ Corrosion Inhibitors ® Asphalt Additives® Polyamides 


For technical data, including applications and properties, please use this coupon. 


/ * 4 In Canada: Carbide Chemicals Company, Division of Union Carbide Canada Limited, 
C A f Montreal ‘and Toronto. 


e 
AND CARBON 
CARBIDE AND CARBON CHEMICALS COMPANY 
30 East 42nd St., Rm. 308 
New York 17, N.Y. 
e 
e Please send me a Technical Information Bulletin e 
e on your Ethylene Amines e 
177 
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for hydrogen in benzene. The 
resulting fluor-benzene made it 
possible to repeat almost all 
coal tar chemistry and in the 
process to produce new sub- 
stances with possibly outstand- 
ing characteristics. The depart- 
ment is at present working on 
nonflammable anaesthetics and 
new drugs. 

These new products have been 
made possible by the develop- 
ment of gas chromotography 
equipment (Chem. Eng., June 
1956, p. 116). A wide range of 
fluorine compounds, one of 
whose chief attractions is great 
chemical stability, can now be 
made. 

In spite of hopes that the 
British Government, which 
helps to subsidize this research, 
will provide money for estab- 
lishing pilot plant production, 
the essential bridge between 
research and industry is lack- 
ing. British industry is very 
interested in the research, but 
the department finds it impos- 
sible to provide new materials 
in sufficient quantities for in- 
dustry to carry out tests on the 
necessary scale. — Birmingham 
University, Birmingham, Eng- 
land. 176C 


Diethyl Toluamide 


“The best all-purpose in- 
secticide so far developed.” 


Dept. of Agriculture has re- 
leased for commercial use what 
it says is the best all-pur- 
pose insect repellent so far 
developed — diethyl toluamide. 
Closely following, Montrose 
Chemical Co. announced that 
it is offering a high concentra- 
tion meta isomer of diethyl 
toluamide to formulators of in- 
sect repellent lotions and simi- 
lar preparations. 

A product of research by 
USDA in cooperation with the 
Dept. of the Army, DET can be 
applied directly to the skin or 
clothing and protects the user 
against mosquitoes, ticks, chig- 
gers, fleas and biting flies for 
up to 8 hr. USDA reports that 
it is more effective against 
mosquitoes generally than any 
other single chemical or com- 
bination of chemicals. 

The meta isomer, offered by 


178 


Montrose, was shown in the 
government tests to be most re- 
sistant to “wipe off” and gives 
longer protection than other 
‘isomers of DET. Resistance to 
rubbing is one of the repel- 
lent’s best features. Some of 
any repellent applied to the 
skin may be absorbed, but much 
of it is simply worn away by 
normal activities of the wearer. 
A “wipe test” developed to 
measure this wearing-off action 
showed diethyl toluamide to be 
at least twice as long-lasting 
as the next best repellent, ac- 
cording to USDA. 

Clothing and other fabrics 
can be readily treated with die- 
thyl toluamide by saturating 
them with emulsions or dry- 
cleaning preparations contain- 
ing the chemical. — Montrose 
Chemical Co., Newark, N. J. 

178A 


Actinium 


Now artificially produced 
for use in radioactivity well 


logging. 


Artificially produced actinium 
has been put to work by the 
oil industry in their search for 
oil. The separated actinium is 
mixed with beryllium to make 
the actual source needed for 
the oil industry’s neutron log- 
ging operations. 

The source, made from the 
separated actinium, has been 
on field test with the oil indus- 
try service companies and has 
displayed anticipated charac- 
teristics of stability and safety. 

Radioactivity well logging 
makes use of naturally occur- 
ring and induced nuclear radi- 
ations to obtain useful informa- 
tion regarding the formations 
penetrated by a borehole. A 
neutron log is obtained by mov- 
ing along the well an instrument 
containing a source emitting en- 
ergetic neutrons while a radi- 
ation detector spaced a fixed 
distance from the source meas- 
ures the response of the forma- 
tions to the neutrons. 

Actinium was selected for ar- 
tificial production because its 
extremely long half-life, its high 
neutron emission vs. a low 
gamma ray emission all con- 
tribute to success in this ap- 
plication. And it’s adaptable 


to logging instruments small 
enough to pass through two- 
inch drill pipe.—Well Surveys, 
Inc., Tulsa, Okla. 178B 


Ceramoplastice 


resists 
higher heats than older 
synthetic - mica - containing 
compounds. 


Supramica 560 


A new moldable ceramoplas- 
tic insulating material, known 
as Supramica 560, will with- 
stand continuous operating 
temperature in excess of 932 F. 
Laboratory and industrial tests 
indicate that short time oper- 
ating temperature will be in 
the neighborhood of 1,200 F., 
depending on the mass and 
configuration of the part. 

The new product, which in- 
cludes synthetic mica, retains 
the electrical properties com- 
mon to manufacturer’s older 
synthetic -mica-containing ce- 
ramoplastics like Supramica 555 
(see cut). And it features con- 
siderably lower density in addi- 
tion to its increased thermal 
endurance. 

The specific gravity of Supra- 
mica 560 has been reduced to 
2.8, only slightly higher than 
that of mineral-filled alkyds 
and polyester glass compounds. 
The combination of lighter 
weight and greater thermal en- 
durance shows great promise 
in the development of high- 
temperature, quality compo- 
nents for airborne and missile 
applications, and for other 
equipment in which reliability 
under extreme conditions is of 
utmost importance. 

The compound can be pre- 
cision-molded to very close tol- 
erances and is dimensionally 
stable during and after fabrica- 
tion. Because of thermal expan- 
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Parts in process can be 


PROTECTED FROM CORROSION 


with SOLVAY SODIUM NITRITE 


Parts in process are protected against rust if you treat 
them with an inexpensive, low-concentration solution of 
Sotvay Sodium Nitrite. Both of the gears above were 
stored under identical conditions of high humidity—the 
gear at the right was protected by dipping in a 3% solu- 
tion of SoLvay Sodium Nitrite before storage. 


Sotvay Sodium Nitrite prevents corrosion on metal sur- 
faces by forming an invisible gamma oxide protective film. 
It can be applied in solution by dipping or spraying, or 
can be added to the water in circulating systems. It is 
effective with iron and steel, and is reported to suppress 
the degradation of aluminum, tin, monel, copper and 
brass. It can be combined with caustic soda or phosphates 
for increased protection during or following cleaning, 
neutralizing or other operations. Easy to apply ... SOLVAY 


Soda Ash ¢ Caustic Soda * Calcium Chloride an 
Chlorine Potassium Carbonate Sodium \ & 
Bicarbonate * Caustic Potash * Chloroform \@= 
Ammonium Bicarbonate * Cleaning Compounds 
Ammonium Chloride Sodium Nitrite Aluminum 
Chloride * Snowflake® Crystals Methyl Chloride 
Monochlorobenzene Para-dichlorobenzene Vinyl 
Chloride * Ortho-dichlorobenzene « Hydrogen Peroxide 
Methylene Chloride * Carbon Tetrachloride 
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Sodium Nitrite is non-toxic in concentrations normally 
used for corrosion prevention. 

For a working sample and complete details of SOLVAY 
Sodium Nitrite’s adaptability to a wide range of anti- 
corrosion uses, mail the coupon promptly. 


Write for sample . . . full facts! 


mmm SOLVAY PROCESS DIVISION 
hemical ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 
Please send me without cost*: 
(0 Working sample of So.vay Sodium Nitrite 
(0 Booklet—“Sodium Nitrite for Rust and 
Corrosion Prevention” 


Name. 


Position 


Company. 


City. Zone__State 
AK-6 *In Western Hemisphere countries only. - 
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Properties of Supramica 560 


Dissipation factor at 1 meg..... 0.0035 
Dielectric constant at | meg..... 6.8 
Loss factor at | meg.......... 0.024 
Volume resistivity, ohm-cm.... . . 
2.8 
Water absorption, 24 hr....... Nil 
Hardness (Rockwell M)........ 125 


Thermal expansion, @ 20°C... 13X107* 


sion coefficients closely match- 
ing those of steel, functional or 
reinforcing inserts may be 
molded in without risk of 
loosening and resultant corona. 
—Mycalex Corp., Clifton, N. J. 
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Behenie Aeid 


High-purity, long-chain 
fatty acid stabilizes emul- 
sions. 


Behenic acid, a _ saturated 
C-22 chain length fatty acid, is 
now available in carload lots. 
Longest straight chain fatty 
acid commercially available 
from natural fats or fatty oils, 
it can be esterified with fatty 
alcohols to produce high melt- 
ing point waxes. Because it 
stabilizes emulsions, this mate- 
rial is ideal for soaps, lotions, 
cosmetics, lubricants, chemical 
intermediates, esters, stabilizers 
and specialties. 

It is a white waxy, aimost 
odorless crystalline solid at 
room temperature. Due to the 
high melting point it is slightly 
soluble at room temperature 
but soluble in following sol- 
vents at their boiling points: 
ethyl alcohol, isopropyl alco- 
hol, acetone, benzene, chlor- 
inated solvents. — Archer-Dan- 
iels-Midland Co., 700 Investors 
Bldg., Minneapolis, Minn. 180A 


Defoamer 


New liquid eases process- 
ing of latex paints, paper 
coating. 


A new liquid defoamer, 
Surfynol 104A, has shown ex- 
cellent results in aqueous sys- 
tems where foaming is a proc- 
ess problem. 

Like the manufacturer’s other 
Surfynols, 104A is a ditertiary 
acetylenic glycol, a class only 


recently recognized as_ low- 
foaming, nonionic surface ac- 
tive agents. The new addition 
to the line is the first of these 
to be developed specifically for 
defoaming. Surfynols 104A and 
the older 104E are solutions of 
Surfynol 104 in 2-ethyl hexanol 
and ethylene glycol, respec- 
tively. Both liquid Surfynols 
are 50% active. 

Some successful applications 
are in latex paints, coating and 
resin sizing of papers, textile 
sizing, metal cleansers, starch 
and protein adhesives and low- 
sudsing detergents. However, 
in systems where the odor of 
the octyl alcohol may be objec- 
tionable, it is suggested that 
104E be used. 

The Surfynols, in nearly all 
cases, when combined with a 
foaming surface active agent, 
either nonionic, anionic or 
cationic, give synergistic sur- 
face activity and reduce or 
completely eliminate foam. The 
liquid Surfynols are therefore 
suggested for use in combina- 
tion with other surfactants to 
increase surface activity with- 
out creating foaming problems. 


—Air Reduction Chemical Co.,. 


150 East 42nd St., New York 17, 
N. Y. 180B 


Polyethylene blended with new 
exceptionally hard, high-melt- 
ing point, coal-derived wax 
(Chem. Eng., Apr. 1957, p. 
180) shows improvements for 
injection molding of plastic 
items. A 10% blend in 20,000 
m.w. high pressure polyeth- 
ylene showed a melt index of 
5.8 g.; the 20% combination, 
15.6; a 30% blend 47. Un- 
blended polyethylene had a 
melt index of 1.98.—Moore & 
Munger, 33 Rector St., New 
York 6, N. Y. 180C 


Epoxy potting and casting sys- 
tem, called Hysol 6900 series, 
brings together economical 
price, several steps of flexi- 
bility, low heat cure and ease 
of handling. Sold in two-com- 
ponent units in three sizes, 
the series currently includes 
both filled and unfilled ver- 
sions with two degrees of 
flexibility of each type. Mod- 
erate cure at 75 C. permits 


encapsulation of delicate, 
temperature-sensitive elec- 
tronic components. — Hough- 
ton Laboratories Inc., Olean, 
N. Y. 180D 


Detergent motor oil additive, 
No. “7” M.O.A., may halt 
sludging of automobile en- 
gines in stop-and-go driving. 
It works in the presence of 
water by enveloping sludge 
particles with a water-resist- 
ant coating. They remain 
suspended in oil, easily pass 
through oil screen and filter 
and are drained off when oil 
is changed.—Du Pont Co., 
Wilmington, Del. 180E 


Fungicide and rubber accel- 
erator are applications ear- 
marked for new form of 
tetramethyl thiuram disulfide. 
It boasts high purity (9914%) 
and activity plus micronized 
particle size—Aceto Chemi- 
cal Co., 40-40 Lawrence St., 
Flushing, N. Y. 180F 


Two new viscosity index im- 
provers for lubricating oils 
are being offered. Called 
Omavis 10 and 20, the addi- 
tives are outstanding in their 
resistance to shear break- 
down. Light colored, viscous 
solutions of polymers in oil, 
the two products are identi- 
cal chemically but differ in 
molecular weight of the active 
ingredient. — Olin Mathieson 
Chemical Corp., 460 Park 
Ave., New York, N. Y. 180G 


Chemical synthesis of penicil- 
lin, important scientifically, 
less so commercially, has 
been achieved at MIT. While 
the new chemical method 
probably will not be cheap 
enough to compete with 
the established fermentation 
process, it has made it pos- 
sible to test ten synthetic 
penicillin analogs. It is hoped 
that new forms will prove ef- 
fective against disease organ- 
isms now resistant to natural 
penicillin and against a wider 
variety of infections. New 
penicillins might also have 
less tendency to produce al- 
lergic reactions.—Massachu- 
setts Institute of Technology, 
Cambridge, Mass. 180H 
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Costly Joint Failures 


Klingerit Gaskets meet the rigid demands to today’s high temperatures and 
pressures by practically eliminating COSTLY joint failures. Refineries and 
Chemical Plants alike have found that Klingerit Gaskets cost less, too! Cost 
less because they keep joints TIGHTER . . . LONGER, thus reducing high 
gasket maintenance. Available in thicknesses of -008” to %”— sheet size 
to 60” x 160”. 


—Acid resisting sheet 


packing, produced especially to resist hot nitric, 
hydrochloric and sulphuric acids, as well as most 
other organic and inorganic acids. 


Mngerit reinforced sheet 


packing for extremely high pressures and tem- 


Hlingorit — Universally used sheet packing 
for super-heated and saturated steam, hydraulic 
pressures, compressed air, gases, chemicals, oils, 
spirits and ammonia solvents. 


Mange 7 — Oil resistant sheet packing 


intended for use in oil refining and distributing 
as well as for use with methyl-chloride and 
sulphur dioxide. 


peratures. Specially suitable for cylinder head and 
exhaust joints in internal combustion engines, 
gas turbines, etc. 


RICHARD KLINGER INC. 550, FOURTH AVENUE, BROOKLYN I5, NEW YORK 


SOUTH 8-6747 
Manufacturing Licensees for Canada 
JOSEPH ROBB & COMPANY LIMITED, 5575, COTE ST. PAUL ROAD, MONTREAL, 20, CANADA 
Telephone: WILBANK 3181 
Branches at: SYDNEY, HALIFAX, OTTAWA, TORONTO, HAMILTON, WINNIPEG, EDMONTON, VANCOUVER, QUEBEC CITY 


RICHARD KLINGER LIMITED, KLINGERIT WORKS, SIDCUP, KENT, ENGLAND 


GA 24/57/5 
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DEVELOPMENTS... 


PROCESS EQUIPMENT correo py . s. enonan 


Combustion-Gas Ejector Cuts Pumping Cost 


High-release burner produces high-energy motive 
fluid that improves ejector performance and drops cost 
below air or steam ejectors, in many cases. 


In this era of mergers, engi- 
neers are also getting into the 
act. In a recent technological 
advance, ejector specialists have 
teamed a burner with an ejector 
to broaden the field of ejector 
applications. Key step in the 
development was the successful 
design of an ejector inlet noz- 
zle to expand the gas as re- 
quired. 

At Graham Mfg. Co., Batavia, 
N. Y., this new design and con- 
cept have been proven thor- 
oughly in extensive trials. De- 
signs have been completed on 
a mammoth installation to 
evacuate a jet-engine test cell. 

But even more interesting to 
industrial users are the pros- 
pects of applying the gas ejec- 
tor to process needs. Unless a 


plant has sufficient waste steam 
to fill ejector requirements, the 
gas ejector can be installed and 
operated for less over-all cost 
than either the air or steam 
types. In refineries, where there 
is ample fuel gas and 40-70-lb. 
air, these ejectors are ideal. 
> Equal to Steam—Gas ejectors 
will operate over the same 
range as steam ejectors. Un- 
like steam ejectors, they do not 
use interstage condensers. The 
entire output of the ejector is 
discharged to atmosphere. 
Even though subsequent 
stages (practical limit, three- 
stage total) must handle the 
full weight flow from previous 
stages, the setup is still more 
economical than steam. Water 
consumption, injected to con- 


trol temperature, is the same as 
would be needed for makeup in 
cooling towers associated with 
condensers on a steam system. 
> Boost Energy Level—Energy 
level in the motive fluid has a 
major bearing on the perform- 
ance of an ejector. Using plant 
air, this level is limited by the 
generally prevailing conditions 
of 100 psig. and 200 F. 

However, if this air is used 
as the combustion air in a high- 
heat-release burner, its energy 
level reaches a new height that 
makes it a better motive fluid 
for ejectors. 

In the Graham gas ejector, 
fuel oil or fuel gas is burned in 
a Thermal burner (see Chem. 
Eng., Dec. 1952, p. 104; Feb. 
19538, pp. 208-209; Feb. 1957, pp. 
164-166) with 60-psig. air to 
produce gas at 3,500 F. Water 
injected into the hot gas stream 
lowers the temperature to 800 F. 
so that special materials of con- 
struction are not required. 
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This newest member of the LaBour pump family 
has been created: to deliver traditional LaBour 
dependability and long service life combined 
with new installation and maintenance arrange- 
ments which may be important in certain situa- 
tions. 

The casing of the SZ is integral with inlet and 
outlet passages and is independently supported 
on the base plate. If 
desired, a complete 


NOR 


Ask for it—today. 
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LaBOUR Type SZ 


Your copy of bulletin D-3 with full particulars on the SZ is waiting for you. 


new drive unit with impeller may be installed 
without disturbing the piping connections or the 
motor. 

Type SZ is a single stage non-priming centrifu- 
gal able to handle large quantities of air or gases 
mixed with the liquid. It uses a fully open im- 
peller, and there are no sealing rings or closely 
fitted pumping parts. This pump is available 
in various corrosion resistant materials to meet 
practically any requirement. 


* 
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Equipment Developments This Month 


Fluids Handling Equipment 
182A Maintenance Tools & Supplies 
Electrical & Mechanical Equipment 
Bellows Seal 196A 
Heating & Cooling Equipment Lubrication: Fitting 196B 
Materials of Construction 


Sea number is also Reader Service code ae 


Total energy in the flowing 
gas remains the same because 
the drop in temperature is ac- 
companied by an increase in 
the mass flow due to the added 
water vapor. 
> At the Inlet—The mixture of 
combustion gas and water va- 
por flows through the ejector 
inlet nozzle at supersonic ve- 
locity. Load air or gas in the 
suction chamber is entrained 
by the motive stream and car- 
ried through the diffuser and 
out of the system. 

In a typical Graham gas ejec- 
tor, gas mass flowing through 
the inlet nozzle is contributed 
54.4% by air, 4% by fuel and 
41.6% by injected water. Every 
pound of this motive fluid en- 
trains 0.67 lb. of load gas or air. 
In this fashion, a single stage 
can make 26 in. Hg vacuum. 

The total energy existing in 
the motive stream at the inlet 
nozzle is contributed 3.5% by 
the compressed air and 96.5% 
by heat released during com- 
bustion of fuel in the burner. 
> How It’s Controlled—As al- 
ready noted, temperature of the 
gas can be regulated by inject- 
ing water. Although the opti- 
mum level may be around 800 
F., it can be dropped much 


184 


lower without harming per- 
formance. 

Suction pressure is controlled 
by throttling inlet air pressure. 
Temperature of the burner ex- 
haust stream is sensed and 
used to control flow of fuel oil, 
which is measured with a tur- 
bine-type flowmeter. — Graham 
Mfg. Co., Batavia, N. Y. 182A 


Equipment Cost Indexes 


Dec. March 
1956 1957 
Industry 
Process Industries 
Cement mfg......... 208.6 213.1 
218.8 223 3 
Clay products........ 202.6 207.0 
Glass mig.« 206.7 210.9 
210.5 214.8 
210.9 215.2 
Petroleum ind........ 214.9 219.3 
Rubber ind.......... 222;1 


Process ind. avg.... 216.2 220.7 
Related Industries 


Elec. power equip..... 220.8 225.6 
Mining, milling........ 220.2 224.7 
Refrigerating......... 245.9 250.9 
Steam power......... 206.1 210.3 


Compiled quarterly by Marshall and Ste- 
vens, Inc. of Ill, Chicago, for 47 different 
industries. See Chem. Eng., Nov. 1947, pp. 
124-6 for method of obtaining index num- 
bers; March 1957, pp. 266-7 for annual 
averages since 1913. 


For more details, use Reader Service Card 


Plastice-Lined Pumps 


Supplement lined pipe, 
valves and fittings. 


Introduction of saran-lined 
centrifugal pumps supplements 
saran-lined pipe, valves and 
fittings to make possible com- 
pletely corrosion-resistant pip- 
ing systems. 

Pumps are fitted with me- 
chanical rotary seals designed 
to eliminate high frictional 
heat failures and_ resultant 
leakage problems of packing 
glands. Seal-cooling systems 
use either process fluid or 
water. 

Sizes are 14 x 1 in. and 3 x 2 
in. — Saran Lined Pipe Co., 
2415 Burdette Ave., Ferndale 
20, Mich. 184A 


Outlet Connection 


For branches out of pipe- 
lines, tanks, vessels. 


Now in full production is the 
new Couplet line of easy-to- 
install branch outlet connec- 
tions for pipelines, tanks and 
pressure vessels. 

Designed as a universal out- 
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Valve life more than doubled 


in this corrosive brine service 


After more than 10 years’ service on 
strong brine, these valves are still operat- 
ing with high efficiency. 

They are Crane No. 461 iron body 
gates, installed on a brine and condensate 
line at the world’s largest sea water salt 
plant—located in Newark, Calif., and 
owned by Leslie Salt Co. 

Before changing to the Crane valves, 
the plant was having difficulties with 


lubricated plug cocks. The plugs pitted; 
the cocks leaked continually, and had to 
be replaced within 5 years. Installing 
Crane iron gate valves put a stop to the 
problem, eliminating leakage and replace- 
ment costs. 

For more information on Crane iron 
body valves for many corrosive services, 
see your local Crane Representative, or 
write to Crane Co., sddress below. 


Fluids Without Costly Leakage 


GET YOUR COPY of "Valve 
Performance Facts”—32 il- 
lustrated case histories 
covering valve installations 
throughout industry. 


CRAN vatves & FITTINGS 


PIPE PLUMBING KITCHENS HEATING @ AIR CONDITIONING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill., Branches and Wholesalers Serving All Areas 


CuemicaL ENGINEERING—June 1957 


185 


Crane Valves Handle Corc‘ivee_ 
rane Vdaives andaie orrosive 
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FLUIDS HANDLING EQUIPMENT .. . 


let connection, Couplets are 
used without modification on 
most applications. On applica- 
tions to small-diameter pipe it 
is modified easily by contour- 
ing the welding end with an 
acetylene torch to mate with 
the curvature of the pipe di- 
ameter. 

Available in sizes from } 
through 2 in. with screw-end or 
socket-welding end connections, 
these Couplets are also avail- 
able in 90-deg. elbows.—H. K. 
Porter Co., Inc., P. O. Box 95, 
Roselle, N. J. 184B 


Ball Valve 


Constructed of PVC for 
corrosive service. 


Now available is a Double- 
Seal-design ball valve con- 
structed of PVC for handling 
corrosive and other difficult 
fluids. Sturdy construction per- 
mits use in many plastic or 
metal piping systems for either 
vacuum or pressure service. It 
is first all PVC valve offered 
with air operator. 

Features of the new valve 
include full flow, + turn shut- 
off, with thousands of leak- 
tight cycles and no mainte- 
nance. Valve seats replace 
easily. 

Rated at 150 psi. at ambient 
temperature and 50 psi. at 130 
F., the valve comes in sizes 
from 4 to 2 in. Soon 8 and 4 in. 
sizes will be available in flange 
and weld ends. — Jamesbury 
Corp., 62 Millbrook St., Worces- 
ter, Mass. 186A 
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Insert Flanges 


Make possible piping 
changes without welding. 


Through use of Speedline in- 
sert flanges, it is now possible 
to tie in new equipment and 
break into existing lines and 
headers without resorting to 
welding. 

Pipe or Speedline stainless 
steel fittings can be expanded 
into the insert flanges to mini- 
mize down time and make 
strong leak-proof joints. Press 
fit between insert and flange 
assures that the pipe or fitting 
can be expanded into the fer- 
rule permanently.— Horace T. 
Potts Co., Erie Ave. & D St., 
Philadelphia 34, Pa. 186B 


Sump Pump 


Self contained unit driven 
by compressed air. 


A new self-contained, air- 
operated portable sump pump 
can handle a wide range of 
jobs. It can remove sewage, 
sludge, chemicals, oil or wa- 
ter from sumps, wells, excava- 
tions, mines, quarries, ditches, 
trenches and cellars. 

Pump body, impeller and 
strainer are bronze to resist 
corrosion and to insure spark- 
free operation. Thus, chemical 
solutions, inflammable and ex- 
plosive liquids can be handled 
safely. 

Pump requires no priming, 
is ready for instant use. It will 
pump from any pool over 12-in. 
deep.—Schramm, Inc., 900 East 
Virginia Ave., West Chester, 
Pa. 186C 


Steam-Traced Pipe 


Has new cross section to 
match standard pipe. 


Lower cost and higher effi- 
ciency of steam-traced piping 
now are reported possible with 
the new Unitrace design. 

When introduced in 1953, 
Unitrace was oval in shape. 
Recently, Alcoa’s engineers re- 
designed the one-piece, steam- 
traced piping so that the cross 
section matches standard pipe 


sizes. Immediate advantages 
are lower cost per foot and 
easier, faster installation. In 
use, the new design boosts the 
efficiency by increasing trans- 
fer of heat internally and cut- 
ting heat-loss of external radi- 
ation. 

Unitrace is available in nom- 
inal sizes of 14-, 2-, 3- and 4-in. 
—Aluminum Co. of America, 
790 Alcoa Bldg., Pittsburgh 19, 
Pa. 186D 


Valve Operator 


Provides maximum range 
of valve adjustment. 


A new standard bracket and 
linkage arrangement for but- 
terfly valves greatly simplifies 
their hookup with automatic 
control operators. At the same 
time, it offers distinctive and 
important advantages in op- 
eration, adjustment and main- 
tenance. Less power is needed 
in close control applications. 

Design provides an almost 
friction-free connection be- 
tween the operator stem and 
the valve shaft with no sloppy 
fits. There is no chatter nor 
hunting, even when throttling 
the valve disk under the most 
critical control conditions. 

Bracket and linkage are 
standard for butterfly valves up 
to 48 in. pipe size, in accord- 
ance with required torque.— 
W. S. Rockwell Co., 200 Eliot 
St., Fairfield, Conn. 186E 
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PRECISI 


ON MIXING WITH 


NEW TRIPLE ACTION MIXER > 


Strong-Scott Mixer Offers Uniform 

Blending and Mixing in 2 to7 Minutes 

with 99.9% Thorough Distribution of 
Minor Additives. 


Now, for the first time, a batch mixer with exclusive 
“Triple Action” mixing. The blending, folding and 
mixing action created by this unique triple ribbon 
and spiral assembly exposes each particle in the mix- 
ture to over 10,000 separate mixing actions per min- 
ute. The center spiral breaks and tumbles the core of 
the mix and moves the material to the outer 2 ribbons 
which convey the ingredients in opposite directions, 
subjecting each particle to thousands of mixing ac- 
tions per minute. This produces a well balanced, 
uniformly mixed product of the highest efficiency 
known. 

EXCLUSIVE FEATURE — Nylon seals between the tub 
and shaft, with outboard bearings. This permits clean- 
ing in a matter of seconds .. . is sanitary, long wearing 
and dustproof. There is no hold up of product from 
one batch to the next. 


WRITE FOR 

FREE COLOR BULLETIN 
For complete information 
on the equipment shown 
above, write to The Strong- 
Scott Mfg. Co. 
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The versatile design of the Triple Action Mixer 
permits feeding from any location at the top with 
single or multiple discharges to suit individual 
requirements. Hinged, drop-door bottoms for easy 
cleanout. Constructed of steel, stainless steel or 
commercial alloys. 

Strong-Scott maintains a complete Customer 
Service Laboratory with a full line of standard 
equipment for your convenience, with no obliga- 
tion to you. Consult Strong-Scott for additional 
details. 


PORTA-BLEND—A portable dry TWIN ROTOR MIXERS—Accurate 


mix and liquid blender capable of blending of liquids and dry mix at 
quality results at high capacity. high or slow speed. 


DEPT. CE-06 


Equipment Designed for Better Processing 
451 TAFT STREET, MINNEAPOLIS 13, MINNESOTA 
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HEATING & COOLING EQUIPMENT . . 
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Heating element 


Heater Emits Wider Spectrum 


Wide-frequency radiation from new infrared 


heater converts more completely to heat at receiving sur- 


face. Users report it cuts power usage and processing time. 


In heating performance, the 
new Velotron radiant heater 
is claimed to surpass either 
conventional infrared filament 
lamps or _ metallic-sheathed 
heaters. Here is what some 
users report: 

¢ Production rate rises 25% 
in textile-drying operation. 

Unit uses 40% less power 
than previous lamps to dry 
latex and plastic cements in 1/6 
the space. 

eLacquer on glass dries 
25% faster using 1/5 the pre- 
vious heater rating in 1/12 the 
space. 

* Food-processing oven uses 
45% less power. 
>More Heat Where Needed— 
When radiant heat rays hit a 
given surface, some of the rays 
are absorbed by the surface 
and others are reflected. Only 
those rays which are absorbed 
actually produce heat. How 
many of the incident rays are 


absorbed depends upon _ the 
color, chemical composition and 
physical properties of the sur- 
face being heated; and the 
wave length(s) of the radiant 
energy. 

Materials of various types 
and colors respond to a range 
of different frequencies that 
extends from 2 to 10 microns 
in the effective infrared heat 
region. Heat rays that have a 
given frequency within this 
range may dry or cure one type 
of material rapidly, yet fail 
completely on a different type. 
That’s why Velotron feels that 
a radiant heat source should 
produce heat rays over a wide 
frequency band in the radiant- 
heat region. 
> Heat Source—The Velotron 
radiant element consist; of a 
specially coated central resistor 
element made of an exclusive 
alloy developed for radiant 
heating use. Surrounding the 


resistance element is a non- 
metallic silicon - compound - ag- 
gregate sheath which is 90% 
transparent to radiant energy. 
The reasons why the Velotron 
element produces a wide band 
of frequencies are related to 
the characteristics of this 
sheath. 

Frequency of the initial radi- 
ation from the resistor element 
inside the sheath is entirely a 
function of the temperature; 
at 2,000 F., for instance, the 
energy will radiate at one fre- 
quency. As this energy passes 
through the silicon sheath some 
of the rays convert to heat and 
then back to radiant energy 
again. 

During this conversion step, 
the frequency changes. Energy 
re-radiating from near the in- 
terior of the sheath will differ 
in frequency from that re-radi- 
ating near the exterior of the 
sheath. Net result is a spread 
of frequencies from 2 to 10 
microns. 

Little of the energy produced 
is lost in heating the sheath 
itself. Due to the transparency 
of the sheath, there is no need 
to heat it physically by conduc- 
tion to produce radiation. Tem- 
perature drops from 2,000 F. at 
the filament to approximately 
900 F. at the sheath surface. 

Selection of the heating ele- 
ment, sheath thickness and the 
various spacings involved have 
been determined experimentally 
so that the proper harmonics 
will be generated throughout 
the 2-10 micron range. 
> Built to Take It— Average 
service life of the heating ele- 
ment is more than 5,000 hr. It 
can be replaced easily, reusing 
the original sheath. 

The sheath tube is electri- 
cally neutral and can withstand 
sudden thermal shock. . Even 
cold water poured on the hot 
tube will not crack it. And 
since 90% of the rays emitted 
are heat rays rather than light 
rays, protection of personnel 
against harmful glare is un- 
necessary. 
> Complete Assemblies — Velo- 
tron heaters are sold com- 
pletely assembled, wired for 
either single or 3-phase opera- 
tion, 115-550 v. 

Type SMFR consists of a sin- 
gle 1-in. O.D. Velotron tube 
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combines advantages of both... and solves the 
problems “in-between,” at low cost and 

with big savings in technical man-hours. 
Pinboard programming — an exclusive feature 
of the E101 digital computer — can be mastered 
in six hours; familiar notations, no coding. 
That’s why more E101’s are at work than all 
other comparable computers combined. 
Immediate delivery; instant serviceability. As 

a test: send us one of your problems. We'll 
program it, send your solution and proof of 
how we can serve. For demonstration, or 
descriptive booklet, write: 


ElectroData 


-B) Division of Burroughs Corporation 
with world-wide sales and service facilities 
460 Sierra Madre Villa 

Pasadena, California 
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HEATING & COOLING EQUIPMENT . . 


mounted in an 8-in. semi-cir- 
cular stainless-steel reflector. 
Type PMFR is a multiple-tube 
panel with 3-in. O.D. tubes. 
Type TF is a tubular furnace 
which has a 1-in. tube centered 
within a circular stainless-steel 
housing, flanged at both ends. 
—Velotron, Inc., 1186 Broad- 
way, New York 1,N. Y. 188A 


Drum Heater 


Improves conduction of 
heat through drum wall. 


Better heating for 55-gal. 
drums is claimed for the new 
RH-1 Acrawatt drum heater. 
Unit is designed to heat 223-in. 
dia, drums containing materials 
such as plastic resins, molasses, 
fats, adhesives and non-volatile 
chemicals. 

Heater features a new quick- 
action toggle clamp for apply- 
ing the heater to drums. Built- 
in three-setting switch gives 
choice of 100%, 50% or 25% 
of maximum heat output. Ac- 
tual heat input to the drum, 
without added thermal insu- 
lation, is reported to be 65 to 
85% of the total generated 
wattage which is 3,000 w. at 
the 100% setting—Acra Elec- 
tric Corp., 9909 Pacific Ave., 
Franklin Park, III. 190A 


Air Heater 


Operates more efficiently, 
uses less fan power. 


Offered as the culmination of 
years of research, the new 
Counterflo series air heaters in- 
creases heating efficiency by 
providing more hot air with 
less fan horsepower. 

Based on a 75-deg.-F. tem- 
perature rise, fan requirements 
range from 4 to 7% hp. for 
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heater sizes from 250,000 to 2 
million Btu/hr. output capacity. 
Air-heat ratios range from 11,- 
000 to 16,000 cfm./1 million 
Btu./hr. output. Regardless of 
size, the heaters operate at a 
minimum efficiency of 80%. 

There are two basic separate 
components in the new Counter- 
flo unit. The furnace section 
includes a Pyro-Jet induced 
draft burner, stainless-steel 
combustion chamber with true 
airfoil flow passages, secondary 
heat transfer tubes of alu- 
minized steel and_ electronic 
flame-failure protection. The 
second section contains forward- 
curved, low-speed, double-inlet 
fans. 

The two-part design permits 
wide flexibility in matching fan 
requirements with heater out- 
puts. Also, it permits use of low- 
cost standard furnace assemblies 
for special ventilation instal- 
lations, oven heating and process 
drying and integration with air 
conditioning systems which 
usually require large centrif- 
ugal fans.—Dravo Corp., Ne- 
ville Island, Pittsburgh 25, Pa. 
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Steam Trap 


New type discharges 
steam-hot condensate. 


The Monovalve float-thermo- 
static steam trap, built to dis- 
charge condensate at steam 
temperature, uses only one 
valve to vent air, discharge 
water and check back flow. 

In cold state, the valve is 
kept open by line pressure or 
gravity for high-capacity air 
venting. When steam enters the 
trap body, the bimetallic el- 
ement closes the valve tight. 
For cool condensate, the valve 


For More Information... 


about any item in this 

department, circle its 

code number on the 
Reader Service 


postcard inside the 
back cover 
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operates as in standard bimetal- 
lic Velan steam traps. 

When steam-hot condensate 
enters the trap the bimetallic 
element doesn’t know the dif- 
ference between it and steam, 
so it remains closed. However, 
the accumulating condensate 
raises the float which over- 
comes closing pressure from 
the bimetallic element and 
opens the valve to full-open po- 
sition for high-capacity dis- 
charge.—Velan Valve Corp., 37 
South River St., Plattsburg, 
N. Y. 190C 


Rotary-Louvre Cooler 


Employs water as the cool- 
ing medium. 


An entirely new cooler for 
crystalline or powdered solids 
has hollow, water-cooled lou- 
vres to move and cool the 
solids. 

Unit illustrated above is a 
two-stage unit. As the drums re- 
volve slowly, the hot solids enter 
through an opening on the axis. 
Action of the louvres moves the 
material through the cooler and 
gently circulates the individual 
particles from the bottom to the 
top of the bed. The particles 
give up heat to the cool surfaces 
of the louvres. 

Drums dip into a water bath 
so that the hollow louvres pick 
up water as the drum revolves. 
The water flushes along the 
louvres, flowing counter to the 
material inside the drum. 

Cooler is manufactured in one, 
two or three stages and in a 
range of diameters and lengths. 
Parts that contact product are 
normally mild steel, stainless 
steel or aluminum while the 
water bath and its enclosures 
are of galvanized mild steel. 
Dunford & Elliott Process En- 
gineering Ltd., Linford St., 
London S. W. 8, England. 190D 


June 1957—Cuemicat ENGINEERING 


i 
beg 
bag 
i 
— 
| 
1 
ii 
XUM 


Performance exceeds claims 
for G-29 steam-hydrocarbon 
reforming catalyst 


THIS 1S G-29. A nickel base catalyst containing 
approximately 27% nickel. For reforming of hydro- 
carbons at temperatures of 1100°F to 1850°F in pro- 
duction of ammonia and methanol synthesis gases, 


hydrogen, OXO synthesis gases, controlled atmos- 

pheres, carrier or utility send-out gases. USED IN ADAMS TERMINAL AMMONIA PLANT of Phillips Chemical 
Company. Girdler catalyst specialists studied the production of ammonia 
synthesis gas in secondary reformers. Cooperating with Girdler, the 
Phillips Chemical Company ran pilot plant tests and selected G-29 
catalysts for this application. Results: Catalyst performance exceeds 
Girdler claims. Methane in reformer effluent is less than 0.1 mol per- 
cent at normal operation. 


PHYSICAL QUALITY. Important key to the high quality level of Girdler YOUR PROBLEM? Girdler’s Research, Development and Technical 
catalysts is the extensive series of physical measurements continually Service groups combine sound scientific theory and extensive 
being applied to them...to show such properties as surface area, pore commercial experience in the solution of catalyst problems. This 
volume, particle size, shape and density, crystal structure. Test shown is know-how and Girdler’s continuing program of product 
for pore volume. improvement, high quality control standards, and a keen 
appreciation of customers’ catalyst problems can help you. 


CATALYST DEPARTMENT 
Write for free bulletin No. GC 1256, 


cataloging Girdler’s full line of catalysts. “the GI RDLER Comp ; 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


Girdier Manufactures Catalysts for: Hydrogenation * Synthesis Gases and Hydrogen Generation « Desulfurization * New Catalytic Processes 
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INSTRUMENTS & CONTROLS... 


Sonar Caliper 


Measures size and shape of 
large underground cavities. 


A new electric-line tool, 
called a sonar caliper, has been 
developed to measure the size 
and shape of underground 
cavities by converting reflected 
sound waves into distance. A 
survey made with the caliper 
consists of a series of hori- 
zontal cross-sections of the 
underground cavity. 

The tool is 50-in. long with 
a 34-in. diameter. Its size per- 
mits it to be run through 4-in. 
ID pipe, suspended on a single 
conductor wire line. It can be 
used in such applications as 
measuring brine well cavities 
and determining the capacity 
of LPG storage reservoirs. 

The caliper works on the 
pulse-echo idea, timing the rate 
of sound travel through a fluid 
medium. The outside circum- 
ference of the cavity is shown 
on a Polaroid photo-recording 
unit. The sonic sending and 
receiving devices in the tool 
continuously rotate, as the data 
is automatically and perma- 
nently recorded.—Dowell Inc., 
Box 536, Tulsa, Okla. 192A 


Liquid-Level Switch 


Radioactive probe sensitive 
to missile fuel level. 


A unique liquid level switch, 
utilizing a beta source in its 
sensing element, is now avail- 
able for the control of crit- 
ically important fuel levels in 
supersonic aircraft and mis- 
siles. It is said to be smaller, 
lighter and more durable than 
any similar device. 

The switch consists of a pen- 
cil-sized sensing probe contain- 
ing a beta source and a beta 
detector which is mounted in- 
side the fuel container. The 
relay within the switch is actu- 
ated by radiation variations 
eaused by liquid level changes 
in a small cavity between the 
beta source and detector tube. 

Tests show that the device 
performs reliably and accu- 
rately under extremes of tem- 
perature, vibration and shock. 
Since there is no exposed elec- 
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trical potential, explosion and 
fire hazards are minimized.— 
Aeronautical Div., Robertshaw- 
Fulton Controls Co., Anaheim, 
Calif. 192B 


Liquid-Level Sensor 


Controls within 1/32 in. 
using ultrasonics. 


Stable sensing of liquid level 
without interference from foam 
or clinging droplets is reported 
for a simplified sensor that 
uses an ultrasonic probe. Unit 
can be used on virtually all 
liquids at temperatures from 
—270 to +220 F. 

Ultrasonic sensor responds 
instantaneously and is entirely 
safe when gaging hazardous, 
explosive liquids. No tempera- 
ture correction circuits are re- 
quired nor are any adjustments 
needed to compensate for any 
other variables. 

Gage operates on the prin- 
ciple that an ultrasonic trans- 
ducer in contact with a liquid 
presents a terminal impedance 
appreciably different than ob- 
tained when it is purely “air- 
loaded.” A transitorized elec- 
tronic control unit outside the 
tank energizes a relay when 
the level passes the sensitive 
face of the transducer. 

Complete unit, including 
transducer and control, weighs 
under 12 oz. and uses only 20 
w. of power.—Acoustica Asso- 
ciates, Inc., Glenwood Landing, 
Lok, 192C 


Valve Controller 


All-electric type mounts on 
rotary valve stem. 


Remote or automatic opera- 
tion of valves with proportional 
or on-off control is provided by 
the Valvetrol all-electric rotary 
valve controller. Device is de- 
signed to mount on the valves 
sold by all leading manufac- 
turers. 

The Valvetrol is a self-con- 
tained gear motor with hollow 
output shaft that receives the 
valve stem. Stem diameters 
from } to 1 in. can be accom- 
modated. 

Valvetrol incorporates a 
built-in potentiometer which 
may provide remote indication 
of valve position. Or it may be 
used as part of a _ balanced 
bridge circuit. 

A wide variety of gear ratios 
is available to produce the de- 
sired torques and operating 
speeds. Selective gear ratios to 
the potentiometer adapt the 
Valvetrol to valves having any- 
where from # to 40 turns to full 
open.—The Jordan Co., Inc., 
3235 West Hampton Ave., Mil- 
waukee 9, Wis. 192D 


Analysis Cell 


High-temperature thermal 
type extends range. 


Effective operating range of 
chromatographic analyses now 
can be extended appreciably 
through use of a new high- 
temperature thermal conduc- 
tivity cell. Exceptional stability 
and sensitivity at high tempera- 
ture is achieved for the first 
time by use of flake thermistors 
as sensing elements. : 

Operating range for the 
model 75 cell extends from 30 
to 325 C., and will accom- 
modate liquids with boiling 
points up to 425 C. This is 
virtually at the upper operating 
limit of chromatography be- 
cause organic molecules begin 
to break down beyond this 
point. 

The cell may be incorporated 
into any existing chromatogra- 
phic apparatus.—Barnes_ En- 
gineering Co., Stamford, Conn. 
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Get better display 


your name 


with Continental 
“F” style cans 


...and save valuable shelf space, too! 


The broad flat surface of every “F”’ style can acts Let us start you off with all the “F” style cans 
just like a poster for your product. The handsome you need. Sizes four ounce (spout top) up to one 
lithography of Continental’s master craftsmen gallon. Then, if you need engineering or research 
quickly identifies your product in the eyes of busy help for any phase of your operation call us. It’s 
shoppers... makes your product more attractive, available as part of our special package service. 
easier to see, easier to sell. And because of the Order soon... get the packages with more “see”, 
space-saving rectangular shape, “F” style cans let more “sell” — Continental “F” style cans. Rapid 
grocers stock more of your product per shelf foot. delivery from shipping points across the U. S. 


QUALITY 
<>, 
CONTINENTAL 
( CAN COMPANY 
Eastern Division: 100 East 42nd Street, New York 17, New York 


Central Division: 135 South LaSalle Street, Chicago 3, Illinois 
Pacific Division: Russ Building, San Francisco 4, California 
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MAINTENANCE TOOLS & SUPPLIES .. . 


Plastic Welder 


Can be used satisfactorily 
by maintenance help. 


Performance of the new 
Seelye model P plastic welder 
covers the welding require- 
ments of all thermoplastic ma- 
terials from thin polyethylene 
sheet to the heaviest PVC in 
current use. Yet, operation is 
so simple that even mainten- 
ance personnel without special 
training can master it with 
minimum practice merely by 
following the simple operating 
instructions. This permits com- 
panies with special, corrosion- 
proof plastic pipe and duct 
installations to perform mainten- 
ance quickly and economically 
without having to call in out- 
side help. 

Welder normally is equipped 
with 320-w. heating element, 
but other ratings can be in- 
stalled where needed. Complete 
welder weighs only 14 oz.— 
Seelye Craftsmen, 984 Central 
Ave., Minneapolis, Minn. 194A 


Lined Steel Drums 


Introduce centrifugal spray 
lining for steel containers. 


Linings for the interior of 
steel shipping drums can now 
be applied by centrifugal force. 
Fully automatic mechanism is 
capable of achieving an unusu- 
ally high degree of film thick- 
ness uniformity throughout the 
entire container. 

High quality, consistency and 
high production rates for lined 
containers are now realities. 
Centrifugally spraying inner- 
coat drum linings now makes 
it possible to use lining mate- 
rials with a substantially lower 
solvent content. No air is en- 
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trained in the lining material 
when it is applied by this 
method. 

The new spraying technique 
plus new curing oven equip- 
ment result in improved con- 
tainers for products that are 
chemically active in the pres- 
ence of steel—Rheem Manu- 
facturing Co., 7600 South 


Kedzie Ave., Chicago 29, Ill. 
194B 


Paint Mixer 


Shortens mixing 
makes smooth mix. 


time, 


Difficulty in mixing protec- 
tive coatings of all types is 
overcome through use of the 
Jiffy mixer. Fitting into prac- 
tically any standard electric or 
pneumatic portable power tool, 
this mixer shortens mixing time 
and produces uniform smooth 
mixtures. 

One big advantage of this de- 
vice is freedom from splashing 
and danger of cutting into the 
container walls. No air can be 
sucked into the mix. Yet, solids 
can be thoroughly freed from 
bottom and sides of the con- 
tainer as the operator moves 
the mixer about through the 
container.—Jiffy Mixer Co., 
Inc., 515 Market St., San Fran- 
cisco 5, Calif. 194C 


Leak Indicator 


Wrap-around tape discolors 
with acid. 


C. S. Moore, Safety Director 
at Squibb Div. of Olin Mathie- 
son Chemical Corp., examines 
one of the first installations of 
a new plastic tape that indi- 
cates when acid or caustic lines 
are leaking. The taped pipe 
above Mr. Moore’s hand has 
been triggered with acid so that 
you can see how it discolors. 

Tape was developed at Mr. 
Moore’s request as a method 
that would increase protection 
of workers in areas where acid 
lines are strung overhead. In 
addition, it prevents damage to 
equipment in such areas. In 
some cases, it is used to cover 
plastic piping systems which 
might split under vibration. 

Tape is made of fiber glass 
covered with vinyl resin and 
coated with a patented indi- 
cator. A thin protective coat- 
ing prevents triggering of the 
indicator by fumes or climatic 
conditions. 

Wrapped around pipelines, 
this tape will indicate by dis- 
coloration anywhere a leak or 
weep develops. Acid lines are 
covered with a red-colored in- 
dicator that turns yellow when 
triggered by leaking acid. A 
white-colored tape that turns 
purple is used for caustic lines. 

Tape is available in widths 
from 1 to 38 in. and in lengths 
up to 300 ft. Both indicating 
and non-indicating valve and 
flange covers are also available 
_for use with the tape to protect 
personnel.—Neirad Industries, 
Inc., P. O. Box 865, Darien, 
Conn. 194D 
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PURE POWDERED COPPER 
from LOW-GRADE SCRAP 


Junked motors, copper-clad iron scrap, 
auto radiators, ‘sweepings and furnace 
ashes containing brass and copper turn- 
ings ... low-grade scrap which never be- 
fore could be economically reclaimed... 
all now yield pure powdered copper 
which is ideal for roll-bonding into rod, 


FR compressors play leading role in new recovery method at Whitaker Metals Corporation 


strip and tubing stock. 


This is possible due to a technique de- 
veloped by Chemetals Corporation (New 
York) and first put into operation at the 
North Kansas City plant of Whitaker 
Metals Corporation. The key to the proc- 
ess is hydrogen gas, compressed to 1000- 


Known for en efficiency, quiet 
exce 


SPRING 
AiR 
CUSHION SPACE 
VALVE CHANNEL 


operation an tional dura- 
bility. Entirely different. Each 
valve is a combination of rigid 
stainless-steel channels and leaf 
springs, with trapped-air spaces 
which cushion action, prevent 
impact. 
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Hydrogen 

The 3-stage ES at left compres- 
ses hydrogen to 1000 psi, for 
processing low-grade scrap into 
pure copper powder. 


Natural Gas 
This Ingersoll-Rand ER compres- 
sor is used as a natural gas 
booster in the reforming process 
which produces hydrogen for 
copper reclamation. 


psi pressure by an Ingersoll-Rand ES com- 
pressor. Whitaker manufactures its own 
hydrogen from natural gas, using a small- 
er I-R compressor as a gas booster unit. 


These compressors have been operating 
for more than two years with only routine 
maintenance attention, and are another 
example of the dependability of Ingersoll- 
Rand equipment. This ability to stand up 
in continuous heavy-duty service means 
real long-range economy on any type of 
job. Ask your I-R representative for in- 
formation on air or gas compressors suited 
to your specific needs. 


Ing ersoll-Rand 


1.585 
11 Broadway, New York 4, N.Y. 


COMPRESSORS © GAS & DIESEL ENGINES 
AIR & ELECTRIC TOOLS © CONDENSERS 
VACUUM EQUIPMENT ¢ ROCK DRILLS PUMPS 
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Bellows Seals 


Seal shafts at extreme tem- 
perature. 


A new series of metal-bel- 
lows mechanical shaft seals 
operates efficiently at tempera- 
tures above +700 F. and below 
—100 F. They are recom- 
mended for use where acids, 
solvents or other chemical 
agents will destroy the organic 
components of other types of 
seals. 

Each seal is tailored to meet 
specific requirements and is 
provided to fit any shaft size, 
complete with mating faces. 
Spring rate is controlled to al- 
low greater axial movement 
with hydraulic pressures bal- 
anced exactly as required. Seals 
are supplied in brass, bronze, 
beryllium copper, Monel or 
stainless steel with bellows 
joints of soft solder, silver 
solder, heliarc or resistance 
welded.—Cartriseal Corp., 3515 
West Touhy Ave., Lincolnwood, 
Til. 196A 


Lubrication Fitting 


Relief type simplifies and 
speeds greasing. 


Tests have shown that the 
new Keystone RT fitting can 
cut lubricating time for anti- 
friction bearings 80% or 
more. It is available for use on 
bearing housings now equipped 
with conventional relief plugs. 

Fitting has a patented flip- 
open cap which responds to the 
touch of a finger. Because it is 
attached to the fitting, the cap 
cannot be lost. The body of the 
fitting is flared internally to 
allow free discharge of excess 
grease.—Keystone Lubricating 
Co., 3100 North 21st St., Phila- 
delphia 32, Pa. 196B 


Wrench Booster 


Boosts wrench 
force four times. 


Used with standard sockets 
and wrenches, the model TD 
wrench booster provides a four 
to one mechanical advantage 
for loosening and tightening 


turning 


ELECTRICAL & MECHANICAL EQUIPMENT . . . 


heavy threaded parts easily and 
safely. By increasing a man’s 
strength four times, the tool 
eliminates personal hazards and 
reduces equipment damage from 
force applied poorly. 

All standard torque wrenches 
can be used with the TD 
booster. To get the applied 
torque output, just multiply the 
torque wrench reading by four. 
High-tensile steel bolts can be 
tightened to exact high-torque 
values by steady pressure with- 
out inaccurate and dangerous 
impact methods. 

Heart of the booster is a set 
of planetary gears built into 
a simple concentric tool head. 
It can be dismantled completely 
within seconds for occasional 
cleaning or lubrication.—X-4 
Corp., Acton, Mass. 196C 


Engine-Compressors 


New refrigeration compres- 
sors for continuous opera- 
tion. 


Self-powered compressors, 
available in three sizes with 
capacities ranging from one to 
five tons, are being offered 
where adequate electricity is 
lacking. 

Intended primarily for mo- 
bile use or for cooling any en- 
closure needing a self-powered 
system, the units consist of 
high-speed refrigeration com- 
pressors directly connected to 
short-stroke, 4-cycle, air-cooled 
engines. Compressors are 
mounted directly to engine.— 
D. W. Onan & Sons, Inc., Minne- 
apolis 14, Minn. 196D 


To provide utmost perform- 
ance continuity, Reliance has 
developed this dual-circuit, vari- 
able-speed, electronic regulator 
for mill drives in industries such 
as paper, rubber, glass and non- 
ferrous metals. Normally, the 
circuits operate in parallel shar- 
ing the load. In case of tube 
failure in one of the circuits, 


Dual Design Keeps Motor Control on Line 


the operable circuit instan- 
taneously picks up and carries 
the full load. Electrician is 
checking various components of 
regulator with special test fix- 
ture during scheduled main- 
tenance of electrical equipment. 
—Reliance Electric & Engineer- 
ing Co., 24701 Euclid Ave., 
Cleveland 17, Ohio. 196E 
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Partial List of 
Material Processed 
with Allis-Chalmers 

Heat Transfer Equipment 


@ Limestone 

@ Lime 

@ Dolomite 

Magnesia 

@ Alumina 

@ Bauxite 

@ Manganese Oxide 
@ Iron Ore 

@ Phosphates 

@ Refractories 

@ Foundry Sand 
@ Petroleum Sand 
@ Petroleum Coke 
@ Fuller's Earth 

@ Nickel Ores 

@ Copper 


You'll want Bulletin 25C6177. See your nearby A-C repre- 
sentative or write Allis-Chalmers, Industrial Equipment Division, 
Milwaukee 1, Wisconsin. 


How Allis-Chalmers Can Help You 


Cut Heat Transfer Costs 


Obtaining increased production, lower processing costs and im- 
proved product quality is more than a matter of installing the best 
heat transfer equipment. Maximum utilization of that equipment also 
calls for an efficient flow design. You get both from Allis-Chalmers. 


A-C Engineers Work With Your Staff or Consulting Engineers 
Allis-Chalmers engineers concern themselves with overall operation 
. .. the evaluation of variables . . . plant design . . . the integration 
of interdependent equipment into a complete process. 

Pre-recommendation research, testing and, of course, expert in- 
stallation and localized field service are also available from Allis- 
Chalmers — the world’s leading manufacturer of rotary kilns, coolers 
and associated equipment. 

Equally important is the fact that Allis-Chalmers interest in your 
problems is continuous. Laboratory services, periodic equipment 
check-up and parts service are yours for the life of the equipment — 
and a long life it is, too. 


Ribbon Flight Dryer 


A-5325 


ALLIS-CHALMERS 
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MATERIALS OF CONSTRUCTION .. . 


Gasketing Material 


More flexible and durable, 
easier to use. 


A new line of asbestos-fiber 
gasketing materials is unique 
in several ways. Sharp bending 
will not cause them to pipe or 
crack. Their unusual compressi- 
bility provides perfect sealing 
under lower bolting pressures 
than are required for hard com- 
pressed asbestos sheets. 

Secret behind these proper- 
ties is refining operation which 
removes all lumps and bunches 
from fibers prior to forming 
into sheets. The fibers then are 
coated uniformly with rubber 
binder by a patented beater- 
saturation process. 

Test installations are re- 
ported to seal perfectly with 
minimum bolt torque loss where 
flange temperatures are up to 
500 F. and internal pressures 
are up to 500 psi.—Armstrong 
Cork Co., Lancaster, Pa. 198A 


Structural Insulation 


Prevents building collapse 
in case of fire. 


Quite by accident, a major 
refinery fire two years ago re- 
vealed that heavy structural 
steel framework will withstand 
ravaging fire without damage, 
if protected by insulation. 

Following this lead, Owens- 
Illinois officials recently demon- 
strated how Kaylo-20 can afford 
this type of protection. Sections 
of heavy, standard I-beams 
were encased in Kaylo-20 in- 
sulation and subjected to the 
flames of an oil fire for three 
hours. The amount of heat 
that penetrated the insulation 
was measured with thermocou- 
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ples located in holes drilled in 
the beams. 

External temperatures around 
the beams registered 1,980 F. 
Within the Kaylo covering, top 
temperature was 660 F., far 
short of the level where steel 
properties would be affected.— 
Owens Illinois, Toledo, Ohio. 
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Tefion Tape 


New glass-reinforced vari- 
ety of cementable tape. 


Cementable Teflon tape is 
available for the first time in 
glass reinforced form. Com- 
pared to the unsupported 
variety, it has greater abra- 
sive resistance, higher tensile 
strength, lower cold flow, im- 
proved dimensional _ stability 
and generally superior mechan- 
ical properties. 

Continental- Diamond Fibre 
Corp. is offering a complete new 
line of both cementable, glass- 
supported and _ unsupported 
Teflon tapes. Corrosion resist- 
ance and non-sticking qualities 
of these tapes are of special 
value in the chemical process 
industry which utilizes them in 
scrapers, seals, and as chem- 
ically inert liners for vats, hop- 
pers and other types of chem- 
ical containers. 

Both types can be bonded 
with ordinary adhesives’ to 
practically any surface includ- 
ing metal, plastics, glass, wood, 
ceramics and rubber. Cement- 
able surface is produced by 
treatment with a sodium-am- 
monia mixture. 

Produced in widths from } to 
12 in. and in thicknesses from 
0.002 to 0.06 in., the tapes are 
available with either one or 
both surfaces treated for ad- 
hesion. — Continental-Diamond 


Fibre Corp., Newark, Del. 198C 
Resistant Pipe 
Now available in long 


lengths for process. 


Two corrosion-resistant stain- 
less steels, Carpenter Alloys B 
and C are now available for the 
first time in full-finished, long 
lengths of tubing and pipe. 
Mill lengths up to 203 ft. are 


now supplied for use anywhere 
that extra long lengths are re- 
quired for process lines, heat- 
ing coils and similar uses. 

Alloy B is a_nickel-molyb- 
denum-iron alloy with unusually 
high resistance to HCl in all 
concentrations and at all tem- 
peratures. It also has strong re- 
sistance to boiling sulfuric acid, 
phosphoric acid and wet hydro- 
gen gas. 

Alloy C is a_ nickel-molyb- 
denum-chromium-iron alloy with 
excellent resistance to aqueous 
solutions of halogen salts, nitric 
acid and acid solutions of ferric 
and cupric salts. 

All of this full-finished tubing 
meets the high quality require- 
ments for heat exchanger ap- 
plications. Sizes available in- 


clude 3 to 43 in. O.D. in tubing 
and + to 4 in. in pipe.—Carpen- 
ter Steel Co., Alloy Tube Div., 
Union, N. J. 
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Mounting Pad 


Reduces machinery noise 
and vibration. 


Geon polyvinyl resin, sisal 
and granulated cork have been 
combined into an_ integrated 
pad that is particularly suited 
to use as a machinery mount. 
Tough and flexible, the pad re- 
covers 99% of original thick- 
ness even after repeated load- 
ings to 1,000 psi. 

An outstanding feature of 
the Air-Loc pad is its in- 
tegrated cross-grid embossing. 
This surface structure is an 
integral part of the pad and is 
not cemented or glued to the 
body. The Geon resin binds the 
materials in the pad making it 
resistant to water, oil, grease, 
most acids and alkalis.—Clark- 
McDermott Co., Franklin, — 
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Basic ingredients for LACQUER finishes 
that brighten up the working day! 


Bright, modern furniture with a high-gloss lacquer finish is becoming more and more 
popular in today’s offices. Lacquer manufacturers who use Enjay solvents in their 
formulas are assured of high purity, uniform boiling range and carefully controlled 
evaporation rates. 


Enjay petrochemicals play an important role also in the formulation of many other 
surface coating products, such as, vinyl lacquers, water-base paints, enamels, and paint 
and varnish removers. : 

The modern, well-equipped Enjay Laboratories have recently been expanded and 
are at your service in the application of any Enjay petrochemical. Call or write for 

further information. 


Enjay offers a widely diversified line of petrochemicals for industry: 


ALCOHOLS & SOLVENTS: Lower Alcohols, Oxo Alcohols, Ketones and Solvents; OIL & FUEL Pioneer haa 
IMPROVERS: Detergent Inhibitors, V-I Improvers, Oxidation Inhibitors; CHEMICAL RAW MATERIALS: Petrochemicals 
Olefins, Diolefins, Aromatics; ENJAY BUTYL RUBBER & VISTANEX. 


ENJAY COMPANY, INC., 15 W. 5ist STREET, NEW YORK 19, N.Y. Akron, Boston, Chicago, Los Angeles, New Orleans, Tulsa 
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Tonnage Minerals Take Tonnage Chemicals 


1.9 BILLION Ib./yr. for nonferrous mineral processing in 11 Western 


States to turn out nearly all our copper, molybdenum, man- 


ganese, uranium, boron and tungsten; and more than half 


our lead and zinc. 


1.3 BILLION Ib./yr.—worth nearly $20 million—for processing bauxite 


to alumina. 


10 MILLION Ib./yr. (or more) of each of a dozen heavy chemicals 


like sulfuric acid and lime. 


750 MILLION Ib./yr. of nearly 250 different flotation chemicals. 


For Chemical Producers .. . 


Ore Processing Means Business 


Raymond E. Byler, Arthur D. Little, Inc.* 


Nonferrous mineral process- 
ing operations in the 11 West- 
ern Statest consume some 1.9 
billion lb. of chemicals per 
year, treating about 150 million 
tons of ores and minerals. Total 
value of these chemicals at 
present prices approximates 
$40-45 million. (See p. 202.) 

If you add in the chemicals 
consumed in the biggest non- 
ferrous mineral processing job 
outside the western territory 
—alumina production — you'll 
have a total of 3.2 billion Ib. 
valued at $60-65 million. 

A wide variety of chemicals 
is involved, but only those more 
commonly used have been se- 
lected for this brief discussion. 
And we are directing our _at- 
tention to only the mineral 
processing which depends pri- 
marily on chemicals. This ex- 
cludes sand, gravel, limestone, 
salt, clay, cement, fossil fuels 
and similar nonmetallics proc- 


*Meet your author on p. 368. This 
article is based on a talk Ray Byler 
gave last fall at the Chemical and 
Mining Inter-Industry Conference spon- 
sored by the San Francisco Chamber 
of Commerce. 


t+ Wash., Ore., Calif., Idaho, Nev., 
Fo a N. M., Utah. Wyo., Mont. and 
olo. 
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essed by physical or thermal 
means. 

>How About National Totals? 
—These figures give a pretty 
good line on the national pic- 
ture, too, if you consider the 
qualifications we stated (non- 
ferrous, etc.) and the fact that 
these same 11 Western States 
account for the lion’s share of 
most of our metal production. 
They produce 93% of our 
copper, all of our boron and 
molybdenum, 97% of our man- 
ganese, 88% of our tungsten, 
96% of our uranium. 

Some exceptions: 53% of the 
lead, 54% of the zinc, 6% of 
the lithium, none of the alu- 
mina. Of course we can assume 
total consumption of chemicals 
for processing ores and min- 
erals of these metals is 
roughly tied to total national 
metal production. But before 
you try to project figures for 
lead, zinc and lithium, some 
differences should be noted be- 
tween chemical! requirements of 
western ores and ores proc- 
essed in other states. 
> West Vs. the Rest—Zinc-lead 
ores of the central states, for 
example, do not contain copper 


and can be concentrated by 
flotation without depressants 
such as cyanide and zinc sul- 
fate. Also, these ores are 
upgraded by heavy media 
separation or jigging before 
flotation. 

Lithium ores are concentrated 
in the Southeast by soap flota- 
tion using cationic collectors 
and a frother to remove gangue 
or waste minerals, while de- 
pressing spodumene with 
starch. Hydrofluoric sul- 
furic acid is sometimes required 
as a cleanser. In the West, 
however, lithium is obtained 
from natural brines by partial 
evaporation, and then separa- 
tion of dilithium sodium phos- 
phate crystals from burkeite by 
soap flotation using kerosene. 

Treatment of 7.3 million short 
tons of bauxite in 1955 involved 
385,000 tons of soda ash, 264,- 
500 tons of lime and 22,500 tons 
of starch—a total of 1.3 billion 
lb. of chemicals valued at about 
$20 million. 

Consumption of fluorides, 
lime, and soda ash in electro- 
lytic reduction of alumina to 
aluminum has not been included 
in the totals shown. 
> Mineral Concentration — Of 
the mineral concentration meth- 
ods, flotation is by far the most 
important and widely used, and 
is a major chemical consumer. 

Owing to large differences in 
surfaces of minerals as taken 
from the earth, and in chemical 
and physical reactions required 
to alter surface areas to induce 
or inhibit flotation, a wide va- 
riety of chemicals—some 200- 
250—is used in processing by 
flotation. They may be divided 
into three principal types: 
frothers, collectors or promo- 
ters, and modifiers. (See use 
breakdown, p. 202.) 

Suitable frothing agents are 
generally organic substances 
which do not ionize to any ex- 
tent in water, consist of mole- 
cules having both polar and 
nonpolar groups. Their func- 
tion is to produce a froth of the 
desired bubble size and sta- 
bility. Examples are pine oils, 
cresylic acid, coal tar deriva- 
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ROKIDE* Spray Coatings Add Life 
to Many Different Parts 


In the upper photo courtesy of the Durametallic Corporation, 
the arrow shows where ROKIDE coating is applied to Dura Seals 
developed by this organization for sealing many chemicals. On 
the ring at Teft, the ROKIDE coating provides ideal mating with 
the carbon gland insert at right. This assures a tight, long wear- 
ing seal. In the photo below, ROKIDE coatings, indicated by 
arrows, provide equally valuable wear resistance for parts such as 
metal shafts. 


ROKIDE coatings can be applied to parts of a wide variety of 
shapes and sizes. These new coatings are produced by heating 
the end of a solid rod and projecting the molten particles at a 
high velocity against a prepared surface where they adhere and 
ps Already in use for many military and commercial ap- 
plications, ROKIDE coatings are also being tested on many other 


Norton ROKIDE spray coatings are 
hard, adherent crystalline refractory 
oxides. They protect a variety of 
underlying materials, particularly 
metals, with benefits including: 

Great resistance to wear, thermal 
shock and corrosion . . . low friction 
surface... high melting point .. . ex- 
cellent mechanical strength . . . dimen- 
sional stability . . . relative chemical 
inertness . . « perfect mating for 
carbons. 

The Three Types 

ROKIDE “A” aluminum oxide, 

ROKIDE “zs” zirconium silicate and 
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ROKIDE “z” zirconium oxide have 
proved successful for many uses. For 
example, in applications involving 
electrical insulation, electronics, bear- 
ing surfaces, erosion protection, cor- 
rosion resistance, chemical barriers, 
material upgrading, surface catalyst 
activity, general wear resistance and 
altering emissivity and characteristics 
of surfaces. 

Facilities for applying ROKIDE coat- 
ings are maintained at Norton Com- 
pany, Worcester, Mass., and at its 
plant 2555 Lafayette Street, Santa 
Clara, Cal. For the latest ROKIDE 


Bulletin, write to Norton Company, 
797 New Bond St., Worcester, Mass. 


NORTON 


NEW PRODUCTS 
Qlaking better products. +» 
to make your products betfer 


NORTON PRODUCTS: 
Abrasives 
Grinding Machines «© Refractories 
_ BEHR-MANNING DIVISION: ; 
Coated Abrasives * Sharpening Stones * Behr-cat Tapes 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries. 
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tives, and aliphatic alcohols. 
> Froth Does the Floating—Two 
fundamental requirements for 
the froth flotation process: (1) 
To prepare the surface of the 
desired mineral so that it only 
will adhere to bubbles of air 
which are passed through the 
aqueous suspension of min- 
erals; (2) to provide relatively 
stable air bubbles for min- 
erals to adhere to and be buoyed 
to the surface of the pulp, for 
removal from rejected or non- 
floated minerals and rock. 

Frothers are used in very 
small amounts—from 0.05 to 
0.2 Ib. ton of ore treated. 
> Promoters Help, Too—Flota- 
tion promoters or collector re- 
agents condition the mineral 
surface so it will adhere to air 
bubbles and float. Like froth- 
ing agents, promoters must 
have both a polar and a non- 
polar group. But unlike frothers 
the polar group of a promoter 
must become fixed to the min- 
eral surface either by chemical 
reaction or by adsorption (polar 
part of a frother should have 
an affinity for water only). 

Promoters may be anionic or 
cationic. The anionic type is 
most useful for metal sulfide 
minerals, although various 
fatty acid products and alcohols 
promote flotation of some non- 
sulfide and nonmetallic min- 
erals. A cationic promoter is 
useful principally for flotation 
of quartz and some silicates. 

A great many chemicals 
have found use as promoters: 
aromatic amines, various xan- 
thates, organic hydrosulfides, 
dithiophosphates, fatty acids 
and soaps, and various oils. 

They are used in varying 
amount, depending on the type 
and amount of mineral to be 
floated. In general, sulfide min- 
eral ores may require as little 
as 0.01 to 0.02 lb./ton ore, while 
nonmetallic and oxide ores for, 
which fatty acid promoters are 
used, require larger amounts 
ranging from 0.50 to 2.50 Ib., 
and more, per ton of ore. 
> Depress or Activate — Modi- 
fiers enhance or inhibit re- 
sponse of minerals to promoters 
and frothers, and regulate alka- 
linity of the pulp. They are 
usually referred to as “depres- 
sants,” “activators,” and “regu- 
lators.” 
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Chemicals in Ore Processing: Specialties and Workhorses* 


(Thousand pounds) 


Hydrochloric........... 14,200 
Alkalis 
4000 33 ,000 
Sodium bicarbonate... .. 36 ,000 


Ammoniaand Compounds 48,400 
Sulfur and Compounds 


Sodium sulfide......... 3,000 
Sodium sulfite......... 552 
Carbon disulfide....... 445 


Sulfur dioxide (as such).. 31,325 
Chlorine and Compounds 


Sodium chloride........ 17 ,000 
Calcium chloride....... 3,120 
Sodium chlorate........ 170 
Compressed Gases, thousand cu. ft. 
28 ,026 


Depressants hold back some 
minerals while allowing the de- 
sired mineral to float. 

Lime depresses pyrite, the 
iron sulfide mineral. 

Sodium dichromate depresses 
galena, the lead sulfide mineral. 

Alkaline cyanide and zinc 
sulfate depress sphalerite, the 
zine sulfide mineral. 

Glues and starch depress talc 
and micacious minerals. 

Tannins depress calcite, al- 
low fluorspar to float. 

Sodium silicate depresses 
silicious gangue minerals. 

Caustic soda depresses stib- 
nite, the antimony sulfide min- 
eral. 

Activating agents assist 
rather than inhibit flotation of 
the desired mineral. They may 
film or alter the mineral sur- 
face to enhance promoter effect. 
Copper sulfate, a good example, 
is universally used to activate 
sphalerite and pyrite. Hydro- 
gen sulfide or sodium sulfide in 
proper amounts may be used to 
film carbonate minerals of lead 
and copper which otherwise do 
not respond well to promoters. 
>pH Makes the Difference— 
Regulators adjust pH of ore 
pulp, disperse mineral slimes, 


18,100 
Propane, carbon dioxide 2 
Lubricants (oils, greases) 15,300 
Explosives............. 32,500 
Flotation Agents......... 1145,000 
Others 
Corrosion inhibitors... . . 2,565 
Dispersants........... 2,000 
Potassium permanganate 135 
Manganese dioxide... . 315 
Antimony and arsenic oxides 4 
Gum arabic........... 70 
Wetting agents........ 4,975 
Defoamers............ 140 
Rust preventives, gal... . 5,600 
Timber preservatives, gal. 17,400 


*for mineral processing in the 11 Western 
States, and for production of al in the 
Southeast. 

tPlus 611 million lb. of chemicals listed under 
“Alkalis’ and ‘Sulfur Compounds.’ 


Profile of Flotation Agents 


(Thousand pounds) 


Frothers 
Alcohols, ethers........ 4,570 
Pine oils, other wood 
derivatives; cresylic acid, 
other coal tar derivatives a; 132 


Collectors or Promoters 
Fatty acids and alcohols, 
amines, xanthates, hydro- 
sulfides, dithiophosphates 40 , 586 
Fuel oil, creosote....... 
pH Regulators 


Caustic soda.......... 
Sodium sulfide......... 
Sodium sulfite......... 
Sulfur dioxide....... 


Depressants 
Zinc sulfate, tannins, 


starches, alkaline cyan- 
ide, bleaches, lime, sodi- 
um chromate, glues, sodi- 
um silicate, caustic soda. . 11,345 


Activators 
Copper sulfate, hydrogen 
sulfide, sodium sulfide... . 


Others 
Flocculators, dispersants, 
emulsifiers............ 


3,958 


5,180 
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Soda ash............. 41,000 
13,400 
3,000 
31,325 
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STRUTHERS WELLS 


DOORS 


Locking ring expands into shell flange forcing for 


door flange into compression with resilient lip 
gasket for pressure or vacuum seal. 
HORIZONTAL 
OR VERTICAL 
PRESSURE VESSELS 


Struthers Wells Ring-Lok . . . the 
most uncomplex and rugged self- 
sealing pressure vessel closures 
in the industry. A simple 
locking ring which ex- 
pands into the shell flange 
groove locks the door se- 
curely against a resilient 
gasket for positive sealing 
against pressure orvacuum. 
Operation of locking de- 
vice is hydraulic and open- 
ing can be completed in 45 
seconds. Unobstructed access to 
the shell flange groove assures 
easy cleaning and a continuously 
positive seal. Available in sizes 


up to 12’ dia. for vertical or hori- 


STRUTHERS WELLS zontal vessels operating at tem- 
PRODUCTS peratures up to 400 deg. F. and 
BOILER DIVISION pressures to 350 psi. 


BOILERS for Power and Heat... High and 
Low Pressure... Water Tube... Fire Tube... 
Package Units 

PROCESSING EQUIPMENT DIVISION 
Crystallizers . . . Direct Fired Heaters ...- 
Evaporators . . . Heat Exchangers . . . Mixing 
and Blending Units . . . Quick Opening Doors 
« Special Carbon and Alloy Processing 
Vessels . . . Synthesis Converters 


FORGE DIVISION 
Crankshafts .. . Pressure Vessels . . . Hydraulic 
Cylinders . . . Shafting . . . Straightening and 
Back-up Rolls 
‘MACHINERY DIVISION 

MACHINERY for Sheet and Structural Metal 
Forming . . . Tangent Benders . . . Foldi 
Machines . . . Roller Table and Tumble Die 
Bending Machines . . . Press Brakes , . . Punch- 


ing and Notching Machines . . . Forming Dies : - Plants at Titusville, Pa. 


and Warren, Pa. 
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or otherwise provide a favor- 
able environment for flotation 
reactions. An alkaline circuit 
is required in flotation of most 
sulfide and nonmetallic min- 
erals, although acid circuits are 
advantageous in some cases: 

Lime is most common alka- 
linity regulator. 

Soda ash is frequently used if 
a lower pH is important. 

Sodium silicate and pyro- 
phosphates disperse mineral 
slimes; lime and soda ash have 
some effect as dispersants. 

The pH regulators are gen- 
erally used in larger amounts 
—as much as 2 or 3 lb./ton of 
ore—than other reagents we 
have discussed. 
> Extractive Metallurgy — Ex- 
tractive metallurgy is another 
major category of mineral proc- 
essing methods used in the 
West. Hydrometallurgy means 
processing in which chemical 
solvents extract metals from 
their minerals. 

The chemical solvent is first 
applied to ore which has been 
ground or fractured sufficiently 
to expose desired mineral to the 
action of the solution. Large 
tonnages of oxidized copper ores 
and low-carbonate uranium 
ores are leached with sulfuric 
acid in the West. 

On the alkaline side, sodium 
carbonate-bicarbonate solutions 
do the leaching in some ura- 
nium ore-processing plants in 
the West. 

Chemical oxidizers promote 
dissolution of minerals. Most 
commonly used oxidizer is man- 
ganese dioxide, although po- 
tassium permanganate, sodium 
chlorate and others are some- 
times used in minor amounts. 
> Collect from Extracts — Sec- 
ond major step in hydrometal- 
lurgical operations re- 
covering metal that has been 
dissolved from ore and exists 
in the solution. For example, 
in the large western copper 
leaching operations, copper 
is precipated from acid leach 
solution by metallic iron. Ura- 
nium and vanadium are pre- 
cipitated from acid solutions 
with phosphate, or by neutral- 
ization and boiling off CO., and 
from carbonate leach solutions 
by caustic soda which neutral- 
izes bicarbonate. 

An interesting new commer- 
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Chemical Consumption 


$7 Index (1935 =100) 
340 


320 
300 
280 


260 


Jon Mor July Sept Nov 


Consumption by Industries 


Jan. Feb. 

(Final) (Est.) 

Coal products....... 12.27 10.7 
Explosives ......... 10.1 
Iron & steel......... 20.2 18.3 
Paint & varnish...... 30.2 271 
Petroleum refining ... 33.4 29.1 
Pulp & paper....... 38.6 34.8 


cial mineral processing method, 
L.P.F. (leach-precipitation- 
float), combines solubilizing 
copper with sulfuric acid, pre- 
cipitating with metallic iron 
powder right in the ore pulp, 
and recovering the precipitate 
by froth flotation. This method 
has improved the economics of 
recovering copper from large 
low-grade, marginal deposits. 

> Enter Ion Exchange — An- 
other chemical procedure for re- 
covering metals from solutions 
occurs in extractive metallurgy 
of uranium ores, and is now be- 
ing used in production opera- 
tions of at least five western 
mills. Ion exchange resins are 


contacted directly with leach 
liquor to remove uranium and 
vanadium, the resin is eluted 
with acidic sodium or am- 
monium chloride or nitrate so- 
lution, and the uranium pre- 
cipitated from the eluate with 
ammonia or magnesium oxide. 

An important development in 
uranium processing is 
liquid-liquid extraction of ura- 
nium from acid leach solutions. 
Aqueous insoluble phosphates, 
or amines dissolved in a non- 
miscible organic (usually kero- 
sene), extract uranium from the 
aqueous phase by complexing 
or by chelation. 
> Chemical Refining—Products 
of ore dressing and hydrometal- 
lurgical operations generally 
require further refining. Con- 
centrates and precipitates of 
most common metals are cus- 
tomarily smelted. But many 
“new” metals so important to 
our modern technology—tita- 
nium, uranium, zirconium, 
thorium, niobium and tantalum 
—require chemical reduction. 

Refining of oxides (except 
niobium and tantalum) gen- 
erally means conversion to a 
volatile chloride or fluoride of 
the metal which is then puri- 
fied and reduced by one of the 
lighter metals, magnesium or 
sodium. 

In the West, imported zircon 
concentrates are chemically re- 
fined at Albany to hafnium-free 
zircon sponge by such a process. 
Likewise, titanium metal sponge 
is produced at Henderson by 
converting rutile concentrates 
to titanium tetrachloride in 
fluidized chlorinators, and then 
reducing with magnesium. 
Thorium is prepared by reduc- 
tion of intermediate thorium 
tetrafluoride. 
> Upgrading Uranium — Exten- 
sive use of chemical refining is 
made in the uranium industry 
to obtain reactor-grade mate- 
rials from concentrates pro- 
duced by hydrometallurgical 
ore processing. This usually 
proceeds by digesting the con- 
trates with nitric acid to form 
uranyl nitrate which is re- 
covered by liquid-liquid extrac- 
tion using tributyl phosphate in 
kerosene, stripping the organic 
with water and evaporating, 
followed by thermo decomposi- 
tion of high purity uranyl hy- 


June 1957—Cnemicat ENGINEERING 


: 
A 
£ % 
INS 
3 
: 
4 
24 
| 
he 
| 
| 
| 
| 
| 
| 
1 
XUM 


EIMCO FILTERS . .. CUSTOM-BUILT to FIT the JOB. 


Shown above is another Eimco custom built filter. . . of ‘tools’ to handle tough slurries efficiently and eco- 
quality designed for continuous vacuum operation to nomically. Some of these Eimco designs are: Hy-Flow 
fit the specific needs of a chemical processing firm. - anti-friction valves and piping . . . enclosed vapor tight 


Solution to this customer's filtration problem | hoods . . . air actuated diaphragms for control of com- 


at The Eimco Research and Development Center. pression rolls . . . and Snap Blow discharge. 
Eimco knows that variables in filtration (however 


Through highly practical pilot plant tests, Eimco slight they may seem) are too numerous to get effective 
defined control factors, measured the effects of varying coverage from “production-line”’ manufacturing. We 
conditions and was able to present accurate conclusions are convinced that successful operation in any flow 
to this firm's engineering staff. The result: A filter sheet depends on careful analysis by Eimco specialists 
designed and byilt to efficiently handle the required job. and equipment individually constructed on basis on 
Eimco can guarantee duplication of pilot plant their conclusions. 
results in commercial size filter stations because new We solicit an opportunity to show you the benefits 
filtration methods and designs provide a wide selection of this dependable engineering service. 


THE EIMCO CORPORATION 
SALT LAKE CITY, UTAH 
Research and Development Division, Palatine, IMinois Process Engineers Inc. Division, Sen Mateo, California 
Export Offices: Eimce Building, 51-52 South Street, New York 5, N. ¥. 
BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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drate to the trioxide. The latter 
is reduced with hydrogen gas 
to uranium dioxide and con- 
verted to uranium tetra or hexa- 
fluoride with hydrofluoric acid. 
Another relatively new in- 
stance of chemical metallurgy 
is the processing of cobalt con- 
centrates at Garfield. Hydrogen 
gas, with a catalyst, precipi- 
tates cobalt selectivity. 
Chemical processing is used 
to upgrade flotation concen- 
trates of tungsten and rare 
earths. In upgrading tungsten 
concentrates, digestion with hy- 
drochloric acid removes car- 
bonate and phosphate minerals, 
which float off with the schee- 
lite raising the grade of con- 
centrates to a trade specifica- 
tion of 60% tungsten oxide. 
Similarly, rare earth concen- 
trates are upgraded by leach- 
ing flotation concentrate with 
hydrochloric acid. 

> Pyrometallurgy — In _pyro- 
metallurgy substantial amounts 
of silica and limestone are used 
as fluxes in smelting metallic 
mineral concentrates. Use of 
chemical products, however, is 
limited, although chlorine, sul- 
fur, caustic soda, and sodium 
chloride or nitrate figure in 
fire refining of smelter products. 
Other thermal operations, 
such as calcining diatomace- 
ous earth, use fairly large 
amounts of sodium carbonate 
or trona. Consumption is about 
100 Ib. per ton of finished mate- 
rial. A special instance of a 
thermal processing is the pel- 
letizing of manganese flotation 
concentrates by adding sodium 
carbonate—about 34 1b./ton. 

> Electrometallurgy — Electro- 
lytic reduction is used ex- 
tensively in processing and 
refining of minerals and concen- 
trates, and accounts for some 
chemical consumption. Addi- 
tion agents like glue improve 
cathode effect in electrolytic 
cells, frothing agents reduce es- 
cape of acid mist by maintain- 
ing froth on the surface of 
cells, manganese dioxide is an 
oxidant in leaching. Ammonium 
chloride is a flux in the cathode 
casting furnace, and copper 
sulfate, arsenic oxide and other 
reagents purify leach solutions 
by removing cadmium, cobalt, 
antimony, arsenic, and other 
metals occurring with zinc. 


Clg-NaOH: Harmony Ahead 


Chlorine-caustic imbalance — oft-predicted, oft- 
deferred —is deferred again. Outlook for 1965: 7.0 
million tons of chlorine, 7.3 million of caustic. 


Robert Chien and Charles Gerlach, Wyandotte Chemicals Corp.* 


The chlorine-caustic soda in- 
dustry has been a subject of 
speculation in recent years, 
speculation that chlorine has 
matured and cannot maintain 
its high-stepping pace; that 
caustic soda demand cannot 
grow fast enough to keep up 
with a high-flying chlorine; 
that caustic growth is slowing; 
that imbalance is certain. 

Well, the last couple of years 
have shown nothing to con- 
firm these views. Both chlorine 
and caustic demand have been 
booming—and in cadence with 
each other. We see harmony 
ahead, too. Although adjust- 
ments may have to be made 
from time to time, we feel that 
1965 will bring demands of 7 
million tons of chlorine, 7.3 
million tons of caustic soda. 
> Both Chemicals Strong—Chlo- 
rine production rose to 3.4 mil- 
lion tons in 1955—17.8% over 
1954—and tacked on another 
11% gain to hit 3.8 million tons 
last year. Two mighty strong 
years even for a commodity 
with a growth rate of 10-11% 
since World War II. 

As for caustic soda, it hit 
its average annual growth rate 
of 7-8% on the nose in 1956, 
moving to 4.2 million tons—and 
showing no firm signs of easing. 


*Meet your authors on page 370. 


Admittedly, though, unless 
chlorine demand slackens or 
caustic can step up its pace, the 
industry faces a complicated ad- 
justment problem. 
> Keeping a Balance—Much has 
been written on how to achieve 
a balanced situation between 
these two chemicals: 

eNew processes yielding 
chlorine without caustic soda. 
For example, a relatively larger 
proportion (it’s now about 
10%) of chlorine could be made 
without caustic if demand for 
metallic sodium soars. 

e New processes using non- 
chlorine materials or byproduct 
HCl instead of chlorine. These 
will increase in number and im- 
portance but their innovation 
may be gradual. 

e New uses for NaOH. 

e Using caustic soda at the 
expense of soda ash. 

eConverting caustic soda 
to ash. 

eReducing production of 
lime-soda caustic. (This pro- 
duction will probably continue 
to decline but will not be elimi- 
nated for some time. 

All these adjustments hinge 
on technological development in 
process substitution and in 
product substitution. And on 
the economic laws governing 
demand, supply and prices— 
which usually work toward a 
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Potter Electronic Flowmetering Systems 
represent the most modern concept in fluid 
flow measurement. The POTTERMETER 
Flow Sensing Element incorporates a. 
hydraulically-positioned, bearingless rotor. 
Standard POTTERMETERS are available 
in stainless steel or other non-magnetic 
material, and can be mounted in any position 
with a variety of coupling designs. 


Widely used in the chemical and process 
industries, POTTER Flow-metering 
Systems feature high accuracy throughout 
a wide range of temperature, pressure, 
density and viscosity conditions. 
Unparalleled for applications involving 
hydrocarbons, corrosive liquids, liquefied gases, 
gases and various forms of air flow 
measurement. POTTERMETERS can be 
supplied with indicating, recording and/or 
control apparatus, or may be utilized 

with existing instrumentation. 


Write today for Bulletin CE-6. 


POTTER AERONAUTICAL CORP. 


Industrial Division : 
U. S. Route #22, Union, New Jersey 
MUrdock 6-3010 
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ECONOMICS... 


Chlorine-Caustic End-Use Pattern for 1956 


Thousand 


Ethylene oxide and Glycol. . 
Carbon tetrachloride 
Vinyl chloride 
Ethylene dichloride 
Trichloroethylene 
Perchloroethylene 
Monochlorbenzene 

Pulp & paper 


balanced point.* Thus, any 
significant chlorine-caustic im- 
balance should prove only tem- 
porary. 

Any long term forecast on 
products as complicated as 
chlorine and caustic soda 
should recognize all technical 
and economic factors to see if 
any obvious change would be 
in order. One thing is certain— 
long term forecasts of this na- 
ture are educated guesses at 
best. 
> Chlorine Means Chemicals— 
Total chlorine consumption in- 
creased from 339,000 tons in 
1935 to 3,410,000 tons in 1955, 
a tenfold increase in twenty 
years. Chlorine-based chemicals 
increased 16 times in this same 
period. 

About one-half of total U. S. 
chlorine consumption by chemi- 
cals in 1956 was concentrated 
in seven products, as indicated 
in the table above. Other chemi- 
cals which consume chlorine di- 
rectly in their processes in- 
clude: synthetic muriatic acid, 
synthetic glycerin, titanium 
tetrachloride, methylene di- 
chloride, sodium hypochlorite, 
propylene glycol, bromine, chlo- 
roform, aluminum chloride, 
chloral and benzene hexachlo- 
ride. Still others are: chlori- 
nated camphene, dichloroto- 
luene, chlorinated paraffins, 
monochloracetic acid, ferric 

*One way in which prices might 
work to keep things balanced: Rela- 
tive prices of chlorine and caustic soda 
may widen slightly in the future while 


those between caustic soda and soda 
ash may narrow. 
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Rayon & film 

Pulp & paper 
Petroleum refining. . 
Lye & cleaners... . 
Textiles 


chloride, pentachlorphenol, 
kerylbenzene, trichlorobenzene, 
phosphorus trichloride. 

> Outlets Up and Down—Diver- 
gent growth trends of these 
products and their processes 
are two critical factors in the 
future growth rate of chlorine. 
Ethylene oxide, ethylene gly- 
col and synthetic glycerin are 
good growth products but non- 
chlorine-using processes are 
becoming dominant. On the 
other hand, chlorine shows 
great promise in such products 
as titanium, zirconium and in 
phosgenation of isocyanates for 
polyurethanes. 

Chlorine’s continued growth 
is expected particularly in re- 
frigerant and propellant manu- 
facture. Plastics and resins, 
chlorinated solvents, pulp and 
paper, insecticides, herbicides, 
water chlorination and city 
waste disposal should all con- 
sume chlorine in increasing 
quantities. 

Automotive fluids will show 
a steady growth unless piston 
engines are replaced by turbine 
engines in the near future. 


If chlorine keeps growing at 
a rate of 10% a year, industry 
will have to up its capacity to 
9 million tons a year by 1965, 
an increase of 5 million tons. 
Our analysis expects a more 
conservative rise of about 7% 
a year which will require an 
annual capacity of 7 million 
tons in 1965. 
>NaOH’ Give-and-Take — In 
analyzing caustic end uses (see 
table above) there is every in- 
dication that caustic soda 
growth will continue at the 
present rate (or even higher) 
for some of these applications. 
For caustic will remain a low 
price alkali with diversified, 
well established outlets. 

As industrialization in South 
and Central America gains mo- 
mentum, export shipments will 
probably accelerate. In our 
own country the pulp and 
paper industry’s phenomenal 
expansions in the South and 
Pacific Northwest will likewise 
accelerate demand for caustic 
soda. 
> Rayon Worries—Competition 
of new fibers, particularly in 
tire cord, is threatening the fu- 
ture of rayon, and thereby caus- 
tic soda, as a material. There 
is, however, a considerable dif- 
ference in expert opinions as to 
the extent of this threat. Tech- 
nical improvement in the quality 
of rayon, future automotive fash- 
ion trends, and relative prices 
are considered key factors in 
deciding their ultimate posi- 
tion. 

On the other hand, new uses 
like tufted carpets and im- 
proved cotton-rayon blended 
fabrics are stabilizing factors 
in the rayon industry. 

If caustic soda keeps growing 
by roughly 7% a year, 7.7 mil- 
lion tons of additional capacity 
will be required in 1965. Our 
forecast is conservatively ad- 
justed to 7.3 million tons. 


In July: Capital Spending, Nuclear Fuel Reprocessing Costs 

¢ Money tight, profits squeezed? Chemical processors aren't letting either prob- 
lem squelch record spending plans for the next four years. 

e Reactor fuel recovery—so vital to economic nuclear power—is a chemical 
processing job. CE brings you authoritative estimates on what it will cost. 
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Dielectric crowing 


ALLIS-CHALMERS 


d research Projects 


Allis-Chalmers dielectric 
heaters are available in a 
complete range from 3 kw to 
100 kw. 


can 
cut costs - save space - speed production 


with Allis-Chalmers dielectric heaters 


Processing time measured in minutes . . . maximum production per 
unit of floor space . . . streamlined work flow . . . minimum heat loss 
. . . improved working conditions . . . simplified operation — these 
advantages are yours with the Allis-Chalmers dielectric heater. 

If your processing requires the heating of non-conducting mate- 
rials, the application of Allis-Chalmers dielectric equipment and 
engineering will mean faster production and lowered costs. The 
experience gained by Allis-Chalmers engineers in designing hun- 
dreds of dielectric and induction heating installations is available 
for your operations. 

See your nearby Allis-Chalmers representative or write Allis- 
Chalmers, Industrial Equipment Division, Milwaukee 1, Wisconsin. 
Ask for bulletin 15B6431C. 


ALLIS-CHALMERS 
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PRACTICE ... 


PROCESS FLOWSHEET sy ronsars 


Staged Distillation Process Splits Tall Oil 


Crude oil, then its crude fatty acid fraction, feed bubble-cap tower 
on three-week cycles to get Union Bag’s full line of tall oil products, 


Unfold Flowsheet 


With tall oil production thundering along at 
a furious pace,* seven companies in rapid suc- 
cession have flocked into the business of splitting 
this kraft pulping byproduct into fatty acid and 
rosin fractions. 

Among the latest is Union Bag-Camp Paper 
Corp., with its $2.5-million vacuum fractionation 
plant at Savannah, Ga., designed and built by 
Foster Wheeler. 

Geared specifically for top-quality products 
and efficient performance, the new installation 
operates on an _ intermittent-continuous cycle 
abetted by a string of unusual design features. 
Moreover, it ties neatly into Union Bag’s other 
operations at Savannah. 

The plant handles up to 2,000 tons/mo. of 
crude tall oil from the black-liquor skimmings 
turned up at Union Bag’s own nearby kraft pulp 
facility. And it teams with the 13-year-old tall 
oil acid-refining plant at the site to produce 
a complete roster of tall-oil-derived products. 
(Fatty acids, rosin, pitch and distilled tall oil 
now join acid-refined and crude tall oil in the 
company’s Unitol line.) 
> Process Tailors Products—Reports a company 
spokesman, “With this carefully engineered 
plant we can turn out the highest quality prod- 
ucts, in a sense, tailored for market needs.” 

As an example he cites the tall oil fatty acid 
product. It analyzes more than 99% fatty acids 
and about 0.5% unsaponifiables. And the rosin 
product contains about 95% rosin and less than 
3° unsaponifiables. 

To turn in this handsome “tailoring” job, 
Union Bag runs a blocked operation designed 
around a single 125-ft.-tall bubble-cap fractional 
distillation tower. 

First, crude tall oil feeds to it continuously 
and splits into rosin and a fatty acid inter- 
mediate cut. Then, after a three-week interval, 
the fatty acid intermediate stream takes over as 

tower feed and splits into tall oil fatty acids 
and distilled tall oil products. 
> Why Not Fully Continuous—While a second 
distillation column to handle the crude fatty 
acid stream would make the plant fully con- 
tinuous, any plant expansion thereafter would 
require duplication of facilities. 


* In_1956, industry output hit about 550 million lb. Now 
some 750 million Ib. is expected for 1957, and over L billion 
Ib. predicted for 1958. 
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On the other hand, the single-column blocked 
plant can be expanded by adding only the equip- 
ment needed to carry out refining of the inter- 
mediate fatty acids. Too, the company believes, 
it’s cheaper to build, operate and maintain a 
large blocked facililty at the capacity involved. 
> Engineering Touches—Tuning this blocked op- 
eration for product quality and operating effi- 
ciency are such engineering features as these: 

eA 19,000-gal. tank car shuttles crude tali 
oil { mile to the distillation plant. This is more 
economical than intermittently pumping crude 
through a 4,000-ft. insulated and steam-traced 
stainless steel pipeline. 

eSide-entering agitators prevent stratifica- 
tion in feed and products storage tanks. This 
insures top uniformity of feed and of products. 

eInert-gas generators provide protective 
blankets for products storage tanks and tank 
ears. This practice along with aluminum con- 
struction of tanks, minimizes color pickup of 
products and so maintains their high quality. 

¢Control instruments, pumps and heat ex- 
changers are grouped in centralized areas. This 
eases operating and maintenance problems. 

eA plug-in telephone system throughout 
the plant facilitates communications, provides 
close control of all phases of operation. 
> First-Stage Distillation—Crude tall oil is 
pumped to a dehydrator, where moisture is evap- 
orated. Sodium sulfate, which had been dis- 
solved in the water, goes into suspension in the 
crude tall oil, so won’t scale exchangers. 

After steam heating, crude vaporizes in flash 
heater to feed a small stripping tower. There 
crude cracks into pitch bottoms, containing a 
large percentage of color contaminants and 
heavy unsaponifiables, and an overhead cut con- 
sisting of rosin, fatty acids and light unsaponi- 
fiables. This stripping operation occurs so 
quickly that heat-sensitive components aren’t 
damaged despite high temperatures. 

Overhead splits into three fractions in the 
main tower. A high intermediate cut of crude 
fatty acids contains rosin and requires rerun- 
ning. An overhead odor cut contains most of the 
undesired light unsaponifiables, with some low- 
molecular-weight fatty acids. Bottoms cut is 
product rosin stream for market. 
> Second-Stage Distillation—Intermediate fatty 
acid fraction, collected during three-week first 
stage, is preheated and pumped to main distilla- 
tion column. It splits into three fractions: Fatty 
acid product is tapped at a high intermediate 
plate; bottom product is distilled tall oil; an 
overhead odor cut removes unsaponifiables. 

By changing operating conditions, Union Bag 
can shift production ratio between fatty acids 
and distilled tall oil, vary fatty acid and rosin 
content of distilled tall oil to meet market de- 
mands. While not specifying operating condi- 
tions exactly, the company reports that it runs 
the main distillation column in the range of 
400-500 F. 

Most heat supplied to the operation comes 
from oil- and gas-fired Dowtherm vaporizers. 
To prevent excessive corrosion by fatty and 
rosin acids at high operating temperatures, 
Union Bag uses Type 316 stainless steel through- 
out the plant as chief material of construction. 
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ACID REFINING: Sulfuric treatment of crude oil in 15,000-gal. 
tank beats coloring, rosin crystallization of refined product. 


DISTILLATION: 125-ft.-high bubble-cap vacuum tower con- 
tinuously splits crude tall oil, then crude fatty acid fraction. 
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STRIPPING: Attached to main column, bubble-cap stripper 
cracks pitch product from crude oil feed before main distallation. 
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There is something unique about 
Flexitallic Spiral-Wound Gaskets, the 
result of more than 45 years in 
gasket design and construction. At 
Flexitallic ... 


Compression response of the gas- 
ket is directly related to bolting 
for each application; 


With the desired gasket design 
determined, exacting mechanical 
controls assure that manufac- 
tured gaskets conform to speci- 
fication. 


That is why more and more engineers 
insist on Flexitallic Spiral-Wound. 
Flexitallic Gaskets are designed to 
meet conditigns of pressure, 
per shock, chemical 


WHEN YOU SPECIFY 


EXITALLIC”’ 


attack and cyclic operation. Spiral- 
Wound V-crimped plies of required 
metal with alternating plies of proper 
filler result in a gasket with compres- 
sion characteristics like those of a 
precalibrated spring. 


Flexitallic Gaskets — for pressure/ 
temperature ranges from vacuum to 
10,000 Ibs. from sub-zero to 2000° F. 
For all standard joint assemblies. 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts, Camden 2, N. J. 


Representatives in principal cities 


SPIRAL-WOUND GASKETS 


FLANGES, PRESSURE VESSELS AND PROCESS EQUIPMENT 


*Flexitallic is a registered trade name. No one else can make a Flexitallic Gasket. 
Look for Flexitallic Blue—it’s our exclusive blue-dyed Canadian asbestos filler. 
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Another satisfied user of Crane Diaphragm valves 


l- e e 
: Best by test for this heavy, sticky emulsion 
* 
—Crane diaphragm valves 
What valve is best and lasts longest in this Crane No. 1610 Packless Diaphragm 
/ service? A West Coast emulsified asphalt Valves. The neoprene diaphragm functions 
°) producer tried them all on the manifold only to seal the bonnet. It is not subject to 


above and here’s what was found. 

Conventional valves would become inop- 
erative in a short time. The main trcuble 
was binding of the stem in contact with the 
cold, heavy asphalt emulsion. 

Ordinary diaphragm valves on the same 
service lasted only two months and had to 
be replaced. The diaphragms didn’t stand 
up and the !igh torque required for closure 
was impractical for frequent operation. 

Three years ago the plant started using 


crushing and excessive wear as a seating 
member. The separate disc in combination 
with Crane Y-pattern body makes positive 
closure with minimum torque and turns. 
These valves are giving full satisfaction. 
Literature on Request 

Wide choice of body and diaphragm ma- 
terials makes these exclusive Crane valves 
particularly useful to process industries. 
Ask your Crane Representative for Circu- 
lar AD-1942, or write to address below. 


CRAN E VALVES & FITTINGS 


PIPE «© PLUMBING KITCHENS HEATING ¢ AIR CONDITIONING 
—_ Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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COARSE 


RAW FEED 


RAYMOND IMP MILL 
with Flash Drying 
Accessories, includ- 
ing package - type 
furnace for supply- 
ing heat to the mill 
system. 


COMBU 


1311 North Branch St., 
Chicago 22, Illinois 
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FINE DRY 
PRODUCT 


ONE 


IF you manufacture fine grades of chemicals, 
pigments, food products, fillers and similar 
powdered materials, you will be impressed by 
the overall savings made possible with the 
use of Raymond Flash Drying equipment. 


Your product is dried, ground, classified, 
cooled and conveyed to storage in a single, 
integrated unit ....an Imp Mill, a Roller 
Mill, or a Cage Mill, as the application re- 
quires. This method eliminates the need of 
independent dryers and conveyors, reducing 
capital cost and floor space. 


The Raymond system also provides. close con- 
trol of the finished material . . . . in particle 
size, moisture content and final temperature. 
This enables you to get a uniform quality 
product to meet grade specifications or to suit 
the demands of further processing. 


The whole operation is clean, dustless, auto- 
matic and economical. If such a simplified 
method of handling powdered materials is 
applicable to your job, Raymond engineers 
will be pleased to advise you, and make rec- 
ommendations as to the proper equipment. 


Write for RAYMOND 
RAYMOND Flash 
Bulletin Drying 
82 Systems 


JEERING, INC. 


Sales Offices in 
Principal Cities 


COMBUSTION ENGINEERING-SUPERHEATER LTD., MONTREAL, CANADA 
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Chemical Engineering 


Tall oil process tailors products......... TURN BACK TO 226 


Staged distillation scheme—which boasts unusual features 
—-splits tall oil into fatty acid and rosin fractions. 


Are your design methods up to date?............. . 235 


Scale models give you superior design at a reduction of 
cost and time—so say the engineers of the Chemical Corps. 


Solve for optimum process conditions fast.......... 238 


Not a random route, the new Box-Wilson method of steepest 
ascent is a good time and money saving statistical tool. 


Department Index Want to estimate heat capacities?.......... OP ee 243 
Process Flowsheet...... 226 When reference books don’t help in your data search: try 
Feature Articles ....... 235 this table of correlation equations; or estimate—here’s how. . 
Feature Report ........ 249 ar 
CE Refresher ......... 322 Here’s your fourth process control report.......... 249 
pion The whole picture—where we are, where we’re headed. 251 
342 Advances in controllers and 259 
: Trends in detecting and measuring variables........ 263 
How analytical instruments are shaping up.......... 266 
Data logging, where this new idea fits in.............. 274 
What steps will lead us to computer control.......... 280 
One possible answer—the automatic experimenter... 284 
34-page guide to process instrument elements......... 287 


If you’re not too sharp at handling four components in 
liquid-liquid extractions, put your nose to this grindstone. 


Now: do-it-yourself models for design............ . 330 
Rust Engineering tells how it skirted a stiff expense by 


building its own scale models for plant layout. 


More from Maxey Brooke’s flow file............ .. 338 


This month’s three ready references include two formulas 
to help you compute flow through heat exchangers. 


Tired of frustrating searches for filed data?........ 342 


Here is a simple punch-card system which will whip your 
crippled corrosion file into first-rate working order. 


: 
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STAINLESS DIRECTORY 


Buyers Guide to Ryerson Stainless Stocks & Services 


Here’s a quick guide to the nation’s largest stocks of stainless 
steel—2,351 sizes, shapes, types and finishes of Allegheny stain- 
less in stock at Ryerson. 

This wide selection assures you of getting the best stainless for 
every application. Extra care in storage, handling and shipping 
—such as padded shear clamps to protect finish and flatness of 
sheets— guards the high quality of Ryerson stainless stocks. And 
in addition, the help of full-time stainless specialists is yours 
when you call Ryerson. — 

See your Ryerson catalog for a complete listing of stocks and 2 oe . 
call your nearby Ryerson plant for quick shipment of Allegheny 
stainless—one piece or a truckload. SHEETS—11 onciyses of Allegheny stainless 

sheets in stock including nickel and straight chrome 
types. Also extra wide sheets to reduce welding costs, 


A NEW STEEL_1,,- 202 Allegheny Stainless 


PLATES—avoitabie in 9 analyses including plates 
to Atomic Energy Commission requirements and to 
ASTM specifications for code work. Also extra low 
carbon types for trouble-free welding. 


BARS AND ANGLES— rounds, squares, 


flats, hex's and angles in 8 types including free- 
machining bars with both analysis and mechanical 
properties controlled for best performance. 


AIRCRAFT STAINLESS — sheer, snip, 


plate and bars to Government and Aeronautical 


TRUE-SQUARE ABRASIVE CUTTING 
Stainless plates up to 12’ x 25’ cut absolutely square 
on abrasive disc machine. Length and width tolerance 
plus or minus 1/32”. 


CIRCLES, RINGS, SPECIAL SHAPES 
— Practically any shape, no matter how intricate, can 
be accurately flame cut from stainless steel plate by 
skilled Ryerson operators. 


is available in 14 to 26 gauge sheets. Type 202 com- 
pares favorably with 302 in corrosion resistance; 
costs 2%4¢ per lb. less. 


PIPE AND TUBING—1icn: wall, standard 


and extra heavy pipe, ornamental and regular stain- 
less tubing. Also flanged, screwed, welding and 
Quikuple fittings and Cooper stainless valves. 


Principal products: Carbon, alloy and stainless steels—bars, structurals, plates—sheets 
and strip, tubing, reinforcing products, industrial plastics, machinery and tools, etc. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS: NEW YORK - 
PHILADELPHIA + CLEVELAND » CHARLOTTE + CINCINNATI + DETROIT + PITTSBURGH + BUFFALO 
CHICAGO + MILWAUKEE + ST.LOUIS » LOS ANGELES » SAN FRANCISCO + SPOKANE + SEATTLE 


BOSTON + WALLINGFORD, CONN. 


| 


Specs. Write for Ry Aircraft Steels booklet. 
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Reduce Costs With Scale Models 


The Chemical Corps is sold on the use of scale models 


in chemical plant design. Here is how they have reaped savings in design, 


construction, operation, of solid and fiuid processing plants. 


S. P. SHUKIS and ROBERT C. GREEN, Chemical Corps Engineering Command, Md.* 


As one of its functions, the 
Chemical Corps Engineering 
Command has responsibility for 
preparing plant designs for the 
manufacture of chemicals re- 
quired by the Armed Services. 

These chemicals call for large 
and complex plants. The Engi- 
neering Command is using mod- 
els for many plant designs, with 
savings in design costs and en- 
gineering time. 

There are many types of mod- 
els, depending upon the particu- 
lar design. Some are more ap- 
plicable than others (see Chem. 
Eng. March 1954). 

Generally, models are con- 
structed in a series of nearly 
independent steps, sometimes re- 
ferred to as model types. Many 
times, all the steps are not de- 


*Meet your authors on page 372 


sirable, and some are bypassed, 
combined, or modified to suit the 
individual problem at hand. 

The usual steps or phases fol- 
lowed are basically: (1) factory 
area layout model, (2) equip- 
ment location model, (3) wire 
and disk piping model, (4) 
scaled piping model, and (5) as- 
built model. 

eA factory area layout 
model represents a general lay- 
out of an entire or large section 
of a plant. The model is usually 
made to a small scale—4 in. 
equals 1 ft.—and is shown with 
a minimum of detail. It may, in 
fact, consist mainly of blocks or 
paper cutouts. 

equipment location 
model is made to a somewhat 
larger scale—usually § in. equals 
1 ft. It shows plant equipment 
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in their proper location, and 
structural members of the plant 
building. The designer uses this 
model with an eye to locating 
pieces of process equipment most 
advantageously from the view- 
point of process repairs and 
maintenance, ease of operation, 
proximity of utilities, waste dis- 
posal, and transportation facil- 
ities. Design is very flexible at 
this stage, and changes can be 
made on the model. 

Layout drawings, showing the 
location of plant equipment, are 
made from this model. At this 
stage the entire plant with equip- 
ment are shown except for pip- 
ing and accompanying valves, 
fittings, instruments, and the 
like. This, when added to the 
model results in the wire and 
disk piping model. 
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FLUID HANDLING process plant model shows tanks, reactors, piping. 


eOn a wire and disk model, 
process piping, and sometimes 
utility piping, are represented by 
thin wires with small disks sur- 
rounding each pipe to denote out- 
side line diameter, including insu- 
lation. Piping interferences are 
checked by noting clearances of the 
disks with other pipes and with 
structural members of the building. 
Using a mechanical flowsheet, the 
model maker installs piping under 
the supervision of a designer. 

After all the piping has been 
shown on the model, and all inter- 
ferences have been eliminated, pip- 
ing drawings are prepared by tak- 
ing the dimensions of pipe runs di- 
rectly from the model. Using the 
piping drawings, full scale piping 
is then added to the model, and the 
result is the scaled piping model. 

eA scaled piping model or 
check model shows plant equipment, 
building members, and all the proc- 
ess and utility piping, except very 
small lines, together with valves 
and major instruments installed in 
the lines. When design changes, 
made during later design or con- 
struction stages, are reflected on 
the model, the final model stage re- 
sults in the as-built model. 

e As-built model represents the 
plant as it is actually constructed 
and operated. If during operation, 
changes are made or additions con- 
structed, these changes are reflected 
on the model. It, at all times, ac- 
curately represents the plant lay- 
out, equipment arrangements, and 
piping. 
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Models Used in Four Plants 


The Chemical Corps Engineering 
Command has purchased models for 
incorporation into four plant de- 
signs. Other model contracts are 
currently being negotiated, in line 
with the policy of the Engineering 
Command to continue to make full 
use of this design tool. 

Existing models have been of 
plants using two distinct types of 
processes. Two plants involved a 
fluid process; two involved process- 
ing of solids. 

In the fluid process design, the 
models show tanks, pumps, and re- 
actors together with piping for 
transferring process materials, sup- 
plying utilities, and removing 
wastes. 

To insure proper inspection of 
the model all along the line, archi- 
tectural features are handled with 
care. Walls, ceilings, and partitions 
are shown only in corner sections. 
Stairwells, elevator shafts, etc. are 
usually shown in outline form for 
visibility. 

Structural members of the build- 
ing housing the plant are shown 
only in enough detail to lend real- 
ism and to allow adequate checking 
of interferences. Floors are shown 
cutaway, except for room corners, 
to facilitate viewing interior por- 
tions of the plant. 

In the solids processing plant, 
equipment consists of bins, reactors, 
dust collectors, mills and classifiers, 
blenders, and packaging machines. 
Much of the process material is 


handled by chutes and bulk flow 
conveyors, in addition to the usual 
process piping (see photo, p. 235), 

These models, because of large 
size and compexity, were con. 
structed in sections, so that each 
floor could be easily removed to 
facilitate inspection of the interior 
portions of the plant. Metal and 
plastic were used as model cop- 
struction materials, to combine 
maximum strength and rigidity 
with minimum visual obstruction. 


Advantages of Model 


Many advantages are obtained 
through the use of a model in each 
of the phases of design, construc- 
tion, startup, operation, and future 
addition. 

Proper use of a model results in 
a superior design and a reduction 
of cost and time. The optimum 
layout of equipment can be readily 
obtained, since the designer is 
given a three-dimensional view. In- 
accessibility of valves, instruments, 
and controls is eliminated, as are 
any safety hazards which might be 
overlooked in a _ two-dimensional 
picture. 

Piping interferences are elimi- 
nated in the design stage, not dur- 
ing construction or startup, when 
their elimination is extremely 
costly. Fewer drawings are re- 
quired, and the constant revisions 
necessary when interferences are 
located are largely eliminated. The 
first piping drawings together with 
any changes uncovered by the check 
model become final. 

Savings also result in the con- 
struction phase. Contractors state 
that they might bid 10-15% lower 
if a model is available. This “ig- 
norance factor” is usually added as 
a contingency against any hidden 
costs—particularly important to 
operations such as exist in the 
Chemical Corps, where much work 
is contracted and _ subcontracted, 
and costs pyramid from subcon- 
tractor to contractor to buyer. 

In construction, order of instal- 
lation of equipment can be deter- 
mined more easily with a model on 
hand. 

In difficult installations, actual 
“rehearsals” of the work can be 
carried out in the office to test 
methods of installation and deter- 
mine adequacy of clearances with 
surrounding equipment. Using the 
model, crews can be oriented on 
the work they are going to per- 
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form. Scheduling of crafts can be 
more easily studied and planned on 
the model. 

Preparation of operating direc- 
tives and the training of operators 
are greatly facilitated. Operator 
training with the model can com- 
mence even before construction is 
complete, thus assuring a faster 
startup. 

Even after the plant is completed 
and on stream, the model continues 
to be of value. It can be used in 
planning maintenance. This ap- 
plies particularly in areas where it 
is difficult or impossible to see the 
actual equipment because of danger 
of toxicity, radiation or other haz- 
ards. 

Today, in the chemical industry, 
plants are often modified because 
of new techniques, or expanded for 
added production capacity. The 
model can be a great aid in plan- 
ning for future additions or modi- 
fication of existing facilities. 

The cost of a piped model usually 
will vary anywhere from 0.2 to 
0.6% of the total installed plant 
cost. This figure naturally varies 
with the type and complexity of 
the process, materials of construc- 
tion of the plant model, scale, 
amount of model detail, and the 
number of model phases. For a 
model of a multimillion dollar 
plant, this cost may seem high. But 
with proper utilization, many times 
this amount can be saved. 


Constructing the Model 


Models of multistoried plants 
shown to proper scale are sometimes 
so large that close study of their 
interior sections becomes difficult. 
It is possible to reduce the scale, 
but usually much of the model 
value is lost. Individual items lose 
detail and become so diminutive as 
to make accurate layout difficult. 

A more satisfactory solution is 
to construct the model in sections. 
The model base can be segmented, 
and the building floors unitized so 
that they can be lifted off to view 
the interior. This requires proper 
choice of materials of construction 
for the model. Plastic, desirable be- 
cause of its light weight, has the 
advantage of being transparent, yet 
strong. However, under normal 
lighting conditions, much glare 
may result if excessive plane sur- 
faces are shown. Metal is also sat- 
isfactory, usually for the piping 
and building structure. But weight 
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limitations may dictate the use of 
lighter weight materials. 

Piping should be color coded, to 
facilitate tracing pipelines and un- 
derstanding the process. This may 
be done either by using a standard 
coding procedure or by placing a 
special legend on the model base. 
Valve handles can be color coded as 
to method of operation. 


Using Model 


The Corps’ experience has been 
that many individuals have little 
regard for the usefulness of models. 
Once the utility is evident and un- 
derstood these individuals invari- 
ably become strong proponents of 
models. The first contact is impor- 
tant, and proper orientation of de- 


_sign personnel cannot be overem- 


phasized. 

One of the prime reasons for not 
using the model is lack of confidence 
in its accuracy. It is important 
that models be kept up to date and 
maintained in an accurate status 
at all times. 

During some stages of plant de- 
sign, more than one group may re- 
quire use of the model. For this 
reason many model users have 
found it necessary to budget the 
time each group has with the 
model. Some firms have tried to 
overcome this by purchasing two 
models, but this is not too satis- 
factory because of expense involved 
and the difficulty of keeping both 
units exactly alike. 

Since the use of the model gives 
the designer an opportunity to 
more completely envision the final 
form of his design, the overzealous 
designer may tend to continue to 
make minor design changes. The 
project director must be prepared 
to fix the design at some specific 
point and disallow further minor 
revisions. Otherwise, later stages 
of the project will be unnecessarily 
held up, and the final startup will 
be delayed. 


Shipping and Storing 


At the time of a national emer- 
gency, a need suddenly arises for 
production facilities with large ca- 
pacities for the manufacture of 
agents and products for use in 
chemical warfare. During peace- 
time these facilities are not needed. 
But it is policy to maintain com- 
plete designs, so a minimum of 
time is required for plant construc- 


LABELS help in tracing process flow. 


tion. As a result of this policy, 
some of the Chemical Corps’ de- 
signs, including the models, must 
be stored for indefinite lengths of 
time. 

Since most of our design work is 
contracted to private industry, our 
models usually are constructed at 
the office of the contractor while he 
is preparing the design. Upon com- 
pletion of the work, the model is 
thoroughly checked, corrected, pack- 
aged and finally shipped to the 
Chemical Center for storage. 

We have found that a semiper- 
manent type of shipping container 
is economically sound. This con- 
tainer should be designed for easy 
packaging, as models, while not ex- 
tremely delicate, are fragile. 

To facilitate packaging and trans- 
porting, the model should be con- 
structed in easily handled sections. 
For economy of storage space, it 
is desirable to maintain standard 
base dimensions, thus permitting 
storage by a vertical stacking of 
the base units. 

The model is an important tool 
to be added to the engineer’s list 
of design aids. He can effect large 
savings in time, money, and re- 
quired personnel by its proper util- 
ization. It is especially important 
to the good designer, because he 
will carefully consider the problems 
involved and properly utilize this 
new implement. He will direct the 
model’s use in such a way as to ob- 
tain maximum return for his in- 
vestment. 
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New Statistical Method Rapidly 


A new statistical technique for calculating optimum conditions 
works not randomly, but by approaching along the path of steepest slope to the 
summit. It can save much time and money in pilot or full-scale experiments, 


S. I. NEUWIRTH, Consulting Statistician, and L. M. NAPHTALI, Polytechnic Institute of Brooklyn. * 


A problem constantly faced by 
chemical engineers is that of deter- 
mining optimum operating condi- 
tions for a process. Towards this 
end, effects of a number of vari- 
ables must be experimentally evalu- 
ated. It might be required to find 
the conditions of time and tempera- 
ture which will maximize the yield 
of a reaction, subject to the added 
condition that cost must be mini- 
mized. 

We will review a new tool for 
optimizing, which has recently been 
developed and successfully applied 
to industrial problems. It is called 
the method of steepest ascent, or 
the Box-Wilson method. It mini- 
mizes the number of experiments 
required for determining an opti- 
mum point by taking the steepest 
slope path (in a number of se- 
quential steps) to the summit. The 
method should be very valuable in 
pilot-plant or full-scale plant ex- 
perimentation, where cost and time 
are major factors. 

Our principle aim here is to make 
the reader aware of this important 
new statistical tool. We will not at- 
tempt to go into all the mathemati- 
cal ramifications. 

But to see where this technique 
applies, consider a typical chemical 
plant. When a proposed new prod- 
uct is ready for pilot study, com- 
pany management has_ already 
made a substantial financial invest- 
ment in the laboratory. They are 
convinced that it can be profitable 
and are therefore willing to make a 
major commitment in providing the 
plant facilities for full scale pro- 
duction. 

The chemical engineer finds him- 
self in the position of a middle man. 
To his left is the research group 
which has successfully uncovered a 
potential product of interest to 
management; to his right produc- 
tion and sales waiting to translate 
the product into company income 
dollars. Under these conditions, the 


* Meet your authors on page 372. 
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engineer seldom has an opportunity 
to conduct exhaustive investiga- 
tions. Yet he must provide reliable 
process information within these 
limitations. This is the type of 
situation for which the Box-Wilson 
method has been developed. 


What’s the Problem? 


In general, the problem involves 
determining particular values or 
levels of the factors, %,, % ..... 
which will maximize y in the func- 
tion: 

fi (m1, Xn) (1) 

To illustrate, suppose we are 
dealing with a system in which we 
propose to maximize the yield of 
the product of a chemical reaction 
of the type: 


Temperature, 


—Product (2) 
concentration 


If x, happens to be temperature 
and x, concentration, we may map 
a diagram of the reaction surface 
which might look like Fig. 1a. 

Contours, such as those which 
appear in Fig. 1b, can be obtained 
by mapping the perimeter of the 
mound at levels of equal yield. The 
object of the engineer’s work is the 
location of the top (or near-top) of 
the hill. If possible, we should like 
to accomplish this with a minimum 
of experimental effort—that is, 
without describing the entire re- 
action surface or mapping the en- 
tire hill. 

Over the years, this problem of 
locating the summit has been ap- 
proached in a variety of ways. 

A method most commonly used 
is based on a plan to vary one 
factor at a time while holding oth- 
ers constant. With this approach 
an unnecessarily large number of 
experimental trials is usually re- 
quired and the probability of ac- 
cepting a false “peak” is rather 
high. 

To illustrate this latter point, 


consider the two variable case in 
which the response surface is some 
form of rising ridge. Contours, 
such as those given in Fig. 2, are 
obtained by mapping the “perime- 
ter” of the ridge at levels of equal 
yield. 

If we first hold x. constant and 
vary x, along some horizontal line, 
say AB, we will deduce that EF is 
the best level for the factor 2,. 
Then, we would hold x, at level F 
and vary x, along the vertical CD. 
The data would indicate that the 
maximum is between E and F. But 
a higher yield could have in fact 
been obtained in the upper left 
hand direction at a lower level of 
x, and a higher level of z.. 

If it happens that 2, is the 
amount of a fairly expensive in- 
gredient and x. a relatively less ex- 
pensive factor such as _ reaction 
time, the experimenter and, in turn, 
management have taken a major 
step towards a serious financial 
mistake. 

Another “classical” procedure is 
to select a number of combinations 
of x, and x, and then execute a se- 
ries of experiments. This program 
is quite inefficient and can, too, lead 
to erroneous impressions. 

If the selected combinations of 2, 
and x, are too widely spaced with 
respect to the real character of the 
reaction system, the peak may be 
very easily missed, even with a very 
simple reaction system. 

Simple two factor reaction sys- 
tems are rarely encountered in 
actual practice. With increasing 
numbers of factors and complexity 
of reaction system, this kind of pro- 
gram markedly decreases in poten- 
tial value. 


How Box-Wilson Method Works © 


Generally, the problem of deter- 
mining optimum operating condi- 
tions is one of properly designing 
an experiment, then analyzing and 
interpreting the results. We as- 
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Determines Optimum Process Condition 


sume, of course, that the experi- 
ment is executed exactly according 
to plan. 

During the past several years, 
remarkable advances have been 
made, especially by British statisti- 
cians and chemists at first, in de- 
vising methods able to handle prob- 
lems of this nature (Box, G.E.P., 
and Wilson, K.B., “On the Experi- 
mental Attainment of Optimum 
Conditions,” Journal of the Royal 
Statistical Society, B, 13, p. 1, 1951; 
Box, G.E.P., “The Exploration and 
Exploitation of Response Surfaces,” 
Biometrics, 10, p. 16, 1954). 


The technique has come to be © 


known as the method of steepest 
ascent or the Box-Wilson method. 
This procedure assumes that the 
maximum can be reached by a ris- 
ing path, after starting from some 
point away from the summit. A 
sequential program of experiments 
allow for the location of the near- 
optimum (sometimes called a near- 
stationary region for reasons which 
shall be clear later on). 

Once near the summit, the ex- 
perimenter can either (1) accept 
this provisional maximum as best 
because further experimentation is 
expensive relative to possible addi- 
tional gains in, say, yield or be- 
cause time is pressing. Or (2) he 
can continue with further explora- 
tion. 

Case (1) seems to be the situ- 
ation into which most industrial 
research falls. We shall restrict our 
discussion to this case. If further 
exploration is desirable, the two 
aforementioned references provide 
fine discussions. 

Consider the problem of deter- 
mining optimum conditions in a 
three factor case, and x;. If 
y is yield, it can be related to the 
three factors by means of the equa- 
tion: 

Y = bo + + dave + + 

Diet + + + 

buts? + doors? + dssx3? + ete. (3) 
where the b slope values represent 
the coefficients obtained by fitting 
the equation to the data (regres: 
sion coefficients). 

If we start the experimental pro- 
gram at some point removed from 
the optimum, we can reasonably 
approximate the limited response 
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a. Reaction surface of three variables 
looks similar to a mountain top. 


b. Sliced at levels of constant yield 
gives contour map in two dimensions. 


c. A 2° factorial experiment (eight 
combinations of three variables) ex- 
plores small region of the surface. 
This determines steepest slope to the 
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OPTIMUM CONDITIONS . . . 


Watch Out for False Optimums 


Level of Xe 


Level of x; ——> 


“surface” by a linear function: 


Y = bo + bit + dete + drs (4) 
Mathematically when a “surface” 

can be represented by Eq. (4), the 
direction in which the slope is 
greatest is given by the following 
relationships: 

Ay = k 

Ax. = k be 

Ax; = kbs (5) 
where k is a constant. 

Remember, the technique ex- 
plores only a small sub-region of 
the surface with a few experi- 
mental points. In this region, a 
low-degree polynomial represents 
the local surface. However, a variety 
of slopes are possible on the sur- 
face. The trick is to select the 
steepest slope, for that will go to 
the maximum more rapidly than 
any other. 

If each of the factors in Eq. (4) 
is changed by an amount, Az,, (i = 
1, 2 or 3), then the resultant change 
in response, Ay, is given by the fol- 
lowing: 

Ay =k (b+ b2 + > 0 (6) 

The response y must increase 
along this path—a path related to 
the values of the coefficients and 
the scale of each factor. As we ap- 
proach the summit, or near station- 
ary region, the values of the co- 
efficients will each approach zero. 
The reader will recollect that the 
first derivitive of a function is zero 
at a maximum or a minimum point 
or value. 

In actual practice b, must be cal- 
culated from experiments. The pro- 
gram is a sequential one of small 
experiments, each set of experi- 
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ments more closely approximating 
the near stationary region than the 
last. In other words, by determin- 
ing the coefficients in a given trial, 
we may plan another trial by chang- 
ing the levels of the variables in 
accordance with the magnitudes of 
the coefficients and the scale, along 
the hypothetical path of steepest 
ascent. 


Factorial Design of Experiments 


In the pilot plant or full-scale 
plant it is advantageous to design 
experiments so effects of each vari- 
able can be evaluated independently, 
along with the interaction* effects 
of a combination of factors. Statis- 
ticians have devised a general class 
of experimental designs to meet 
these goals—the factorial design. 

In applying the Box-Wilson 
method to find the near stationary 
region, factorial experiments with 
two levels of each factor are most 
often used. Both levels of each fac- 
tor are run in combination with all 
others. 

To illustrate, suppose we wish to 
design such an experiment in the 
catalyst, temperature, agitation 
problem. A scale would be selected 
for each factor and points selected 
at both ends of the scale. Let these 
levels be C, and C, for amount of 
catalyst, T, and T, for temperature, 
and A, and A, for rate of agitation. 

Eight combinations are possible: 


Trial Catalyst Temp. Agitation 
A 
2 C1 Az 
3 C1 T2 Al 
4 C1 Az 
5 C2 Ai 
6 C2 Az 
C2 T2 Ai 
8 C2 T: A2 


The above design is called a 2° 
factorial experiment—three fac- 
tors, each at two levels. This ex- 
perimental design enables us to 
determine and measure the signifi- 
cance of the following: 

Main effect of catalyst, C; main 
effect of temperature, 7; main ef- 
fect of agitation, A; interaction of 
catalyst and temperature, CT; in- 
teraction of catalyst and agitation, 
CA; interaction of temperature 
and agitation, 7A: interaction of 
catalyst and temperature and agi- 
tation, CTA. 


* The effect on say y of changing a1 is 
dependent on the level of vz. This is called 
an 21 #2 interaction. Another way of look- 
ing at it: y=f(mae). But this does not 
equal f(21)+f (a2). 


Note that every combination of 
factors was run. The required 
number of trials in the full fae. 
torial experiment increase ex. 
ponentially as the number of fae. 
tors increase. If six factors are to 
be investigated, each at two levels, 
we would run a 2° factorial, which 
needs 64 combinations. 

This is a prohibitive number of 
trials for a single experiment; it 
becomes even more untenable in a 
sequential program of experiments 
such as the Box-Wilson program, 
For these cases, modified factorial] 
designs have been developed which 
need a considerably smaller num- 
ber of trials. The technique known 
as confounding the factorial design 
is used. By confounding, the ex- 
perimenter’ willingly eliminates 
measures of certain interaction ef- 
fects (usually those which he con- 
siders unimportant compared to the 
others). For a splendid discussion 
of the factorial design (and the 
Box-Wilson method), the reader is 


referred to a book edited by Owen. 


L. Davies, “The Design and Analy- 
sis of Industrial Experiments,” 
Oliver & Boyd, London, first ed. 
(1954). 

To simplify the arithmetic it is 
advisable to transform the scale of 
each factor so that the origin, 0, 
is the center of the design and the 
lower and upper level for each vari- 
able is —1 and +1 respectively. 
Fig. le describes geometrically a 
typical 2* design. An experimental 
point is located at each vertex of 
the cube. 

Transformation so that the 
origin is the center of the design 
is accomplished by an algebraic 
manipulation. 

For example, suppose the scale 
on temperature is 20 C. and 28 C., 
the two selected levels. The center 
of the interval is 24, which shall be 
transformed to zero; 20 shall be 
transformed to — 1, and 28 to +1. 
The transformed, or coded, lower 
level 7,’ is 


20-24 
4 


and the transformed upper level, 


T,’ = 


28-24 
4 


This is performed for each factor 
studied. 

The transformed factor levels al- 
low for greater ease in the calcula- 
tion of the various regression co- 


T, = =+1 
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efficients by means of the formula: 


How to Compute Optimum 


(7) 


To illustrate the computational 
technique, suppose a 2° factorial 
experiment with amount of cata- 
lyst, temperature, and rate of agi- 
tation had been performed. The 
data would appear in the form of 
Table I. Then 


1) (y2) + 
—1) (ys) . + (+1) (ys) 1/8 


(+1) (ys) + (+1) (ys) 1/8 
= 1) CH ) + 
1) (ys) +... + (+1) (ys) 
If y, = 30, y, = 36, y. = 31, y%. = 
34, ys = 48, y¥. = 47, yr = 42, and 
ys = 45, application of Eq. (7) 
yields: 
b, = + 46/8 = + 5.75 
b = — 4/8 = — 0.50 
bs = + 18/8 = + 2.25 


Interaction effects, also deter- 
mined, were negligible. A b, equal 
to 38.50 is calculated as the average 
yield over the eight trials. 

Therefore, the response “sur- 
face” of yield can be approximated 
by: 

y = 38.50 + 5.75 1, — 0.50 x2 + 2.25 23 


Examination of the magnitudes 
of the regression coefficients im- 
mediately indicate the direction of 
the path of steepest ascent. In- 
crease levels of x, and x; and de- 
crease x, as a function of the b 
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Calculating Path of Steepest Ascent—Table Il 


Catalyst, Agitation 
Grams Temperature, C. | Cyc./Min. 

x2 
5. Change in level per 3 gram change in x;. . + 3.00 — 0.71 + 3.21 
6. Path of steepest ascent............... 6.00 25.00 30.00 
9.00 24.29 33.21 
12.00 23.58 36.42 
15.00 22.87 39.63 
18.00 22.16 42.84 
21.00 21.45 46.05 
24.00 20.74 49.26 


value. A hypothetical path of steep- 
est ascent can now be determined 
in terms of specific combinations of 
the levels of the three factors. 

Table II indicates the computa- 
tion. Lines 1-4 follow by arithme- 
tic. Line 4 gives the coefficients 
when the «’s are transformed into 
their original units. In line 5 we 
determine the change in all factor 
levels for an arbitrary change in 
one of them. In the above illustra- 
tion, we determined the change in 
temperature and agitation levels 
for a 3-gram increase in catalyst 
by making them proportional to 
line 4. Thus the change in tempera- 
ture is (— 2.50/10.50) x (3.00) = 
— 0.71. 

This procedure, although arbi- 
trary, uses the engineer’s experi- 
ence and knowledge in making a 
wise choice. A poor choice means 
that it will take a little longer to 
reach the maximum value. But even 
a first trial will show you what di- 
rection to take. The hypothetical 


Setting Up the Experimental Design for Four Variables—Table | 


Agitation 
Catalyst, Grams | Temperature, C. | Cyc./Min. | Yield % 
x2 X3 y 

Range 
upper limit 4 20 25 
lower limit 8 30 35 

Base level! (midpoint) 6 25 30 

Coding unit 2 5 3 

2 -1 —1 +1 y2 
4 —1 +1 
5 +1 | ys 
6 +1 +1 ¥6 
+1 —1 y7 
8 +1 +1 +1 ys 


* Equivalent to 4 grcms: (4—6)/2 = —1 
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path of steepest ascent is then cal- 
culated by successively adding or 
subtracting the values in line 5 
to the base levels shown in line 1 
(6, 25, 30). 

The successive combinations of 
levels of factors in this hypothetical 
path of steepest ascent do not neces- 
sarily represent combinations 
which will indefinitely produce 
higher and higher yields. At some 
point we will presumably pass near 
a combination better than any 
other. 

Following the construction of 
Table II and the determination of 
the hypothetical path of steepest 
ascent, it is advisable to run two 
or three lab or plant confirmatory 
trials at different points along the 
path and check the y‘elds against 
those obtained in the first series of 
runs. 

This will enable the experimenter 
to select new base levels for the 
second full set of factorially de- 
signed trials—in this three factor 
case, eight more trials. He may 
retain the same scale on each factor 
or change them. If the latter al- 
ternative is selected, he should 
transform the lower and upper 
levels of the new scale to —1 and 
+1 in a manner similar to the 
above example. 

In the confirmatory trials one 
expects to obtain yields greater 
than those of the first set of trials. 
If the confirmatory trials do not re- 
sult in better yields, the experi- 
menter should carefully review the 
entire experimental program. 
Among the causes could be (1) 
some important unidentified vari- 
able, (2) inappropriate selection of 
factor change in the calculation of 
the path of steepest ascent, (3) in- 
teraction effects which are signifi- 
cant, and (4) inappropriate selec- 
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OPTIMUM CONDITIONS .. . 


tion of scales in the second set of 
trials. The preceding list contains 
but a few of the possible causes. 


Precautions to Follow 


In applying this method, the en- 
gineer is cautioned in the following 
respects: 

e The eventual success or fail- 
ure of the experiments hinges on 
the ability to correctly identify the 
variables. The engineer, in consul- 
tation with his associates and the 
statistician, should thoroughly re- 
view all the possible variables. 

On the basis of his experience, 
and tempered by possible budge- 
tary limitations, he can select those 
which he considers most important. 
It sometimes occurs that an unac- 
counted variable, discovered after 
experimental 
started, can completely disrupt and 
possibly negate all previous find- 
ings. 

e With a large number of fac- 
tors, there is the difficult problem 
of designing experiments within 
budget limitations. A complete 
factorial would, of course, require 
an impractical number of trials. 
If the experimenter cannot reduce 
the number of variables, it is neces- 
sary to run some variety of con- 
founded design, where some 
selected interaction effects shall not 
be measurable. 

All available sources of informa- 
tion must be exhausted in learning 
which of the interaction effects are 
likely to be negligible and therefore 
safe to confound. 

¢The concept of steepness in- 
volves distance. The path of steep- 
est ascent is one which will give 
the maximum increase in response 
for a given distance moved by the 
independent variables. 

However, when these variables 
are quantities which cannot be 
measured in terms of each other, 
the “distance” depends on the 
choice of scale. The distance be- 
tween two points for which more 
than one variable is changed de- 
pends on this scale factor. 

Thus, the direction of steepest 
ascent can be altered by changing 
the scales of the independent vari- 
ables. The choice of the scale must 
be left to the individual experi- 
menter and should be based on all 
the existing information at his dis- 
posal. 

¢ When the results of the first 
set of experiments are obtained, it 
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work has _sbeen’ 


may occur that the coefficients of 
certain variables are small. This 
may indicate that these variables 
are without effect. It may also in- 
dicate that the levels chosen for 
these variables was already an op- 
timum and that they are without 
effect only in a small region, or the 
levels may be a provisional opti- 
mum. That is, an optimum with 
respect to a certain choice of the 
other variables. 

e Another possibility is that 
the scales chosen for variables with 
small coefficients were too small. 
For example, although temperature 
may have a strong effect on the 
yield of a certain reaction, if the 
levels chosen for the experiment 
were only a thousandth of a degree 
apart, the results would probably 
indicate a small temperature effect. 

Thus, when the coefficients of 
certain effects are found too small 
in the first experiment, the levels 
should be shifted and the scales in- 
creased in subsequent experiments. 
If the variables are, in fact, with- 
out effect, the coefficients will con- 
tinue to be small. If the levels were 
at a provisional optimum, the co- 
efficients will appear significant in 
the next experiment. If the scales 
originally chosen were too small, 
the new coefficients will be larger. 

e When using factorial experi- 
ments, the levels of the independ- 
ent variables must be accurately 
known. They must be accurately 
controlled to the levels correspond- 
ing to —1 and +1 in the experi- 
ment design. 

If they are accurately known, but 
cannot be controlled, a much more 
difficult method of analysis must 
be used, namely, multiple regres- 
sion. If the levels of the independ- 
ent variables are not accurately 
known, the problem becomes ex- 
tremely complex and will require 
expert help from a_ professional 
mathematical statistician. 

e For a particular reaction sys- 
tem, it may be that all the first 
partial derivatives vanish at more 
than one point. The function, while 
continuous, may be step-like. There- 
fore, when the regression coeffi- 
cients all approximate zero, the ex- 
perimenter should not immediately 
infer that this is the unique maxi- 
mum. He should run several addi- 
tional, confirmatory trials further 
along the hypothetical path of 
steepest ascent, determined in the 
last sequence of experiments, to 
verify the yields. 


Further Study of Surface 


When the experimenter has the 
opportunity and the budget to ex- 
plore the reaction surface beyond 
the mere location of the near sta- 
tionary region, equally powerful 
methods are available. The pro- 
cedure involves closer investigation 
of the interaction effects. While the 
mathematics becomes more sophis- 
ticated (although a good part of it 
could be set-up mechanically), the 
possible additional gains can be 
quite substantial. 

It is suggested that the reader 
familiarize himself with these 
methods. The references recited 
provide excellent discussions. 

Plant size for carrying out the 
reaction is a significant variable, 
and it may interact with all other 
yuriables. Hence, locating optimum 
conditions in a pilot plant only 
locates a provisional starting point 
for a full plant. The refinements 
would be applicable primarily to a 
full scale plant, where “fine tuning” 
is required. 


Summary of the Method 


Although it has been successfully 
employed by chemical engineers 
with little or no formal training in 
statistics, the Box-Wilson method 
(as any other method) is useless if 
applied indescriminately. It does 
not substitute for common sense. 

The experimenter’s intuition and 
knowledge of the process are es- 
sential in identifying the variables 
and developing the experimental 
design. He must carefully choose 
the scale of variation for the in- 
dependent variables and the center 
of the design. Further, it is his re- 
sponsibility to interpret the results 
in the light of his knowledge of the 
process, thereby further advancing 
his insight into its behavior. 

The methods and concepts de- 
scribed are in no way limited to ex- 
perimental systems. Occasionally, a 
design problem involves so much 
calculation and is so complex that 
obtaining a result for a given set 
of values of the independent design 
variables is as difficult and compli- 
cated as performing an experiment. 

It may be impossible or incon- 
venient to mathematically deter- 
mine the optimum conditions for a 
design. In this case, the Box-Wil- 
son method could be applied to the 
choice of the values of the inde- 
pendent variables for the design. 
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How to Estimate Engineering Properties 


Estimate Engineering Properties, Predict Thermal Conductivity 
Why we are publishing this series. How the series is organized. Five top 


ways to estimate thermal conductivities of pure liquids. 


Predict Thermal Conductivity—Il 
Estimating methods that you can use for liquids, solids, solid-gas mixtures. 


You Can Predict Gas Conductivity 
Experimental determination of thermal conductivity of gases involves some sig- 
nificant difficulties. Estimating methods for pure gases, gas mixtures. 


You Can Predict Heat Capacities 
Thermodynamics is the fundamental approach to estimates of heat capacities. 


Use Available Data to Estimate Heat Capacities 


Best Method—Pick a value from someone else’s tabulations. 
e Here are the key compilations for liquids, gases and solids. 


Next Best Method—Select an empirical correlation equation. 
¢ Here’s a collection of empirical correlations for calculating heat capacities of 
liquid and vapor petroleum fractions, and pure hydrocarbons. 


If You Must Estimate—Methods you can use for 


e Mixtures 


Solids 


* Estimation Methods for Liquids 
¢ Estimation Methods for Gases 


Other Engineering Properties 2 
Estimation methods for other important physical properties. 


You Can Predict Heat Capacities 


WALLACE R. GAMBILL, Carbide & Carbon Chemicals Co., Charleston, W. Va.* 


When you are looking for a clue 
to the heat capacity of a new mate- 
rial—or of a material that you have 
not worked with before—you’ll 
want to check some sources of heat 
capacity data. 

In keeping with the general 
theme of this series of articles, we 
will not include extensive tables of 
data on heat capacities. However, 
we will list some selected refer- 
ences. 

We will also present a tabulation 
of empirical expressions that you 
can use to calculate the heat capac- 
ities of liquid and vapor petroleum 
fractions and pure hydrocarbons. 

*Mr. Gambill is now with the Union 
Carbide Nuclear Co., Oak Ridge, Tenn. To 


meet your author see Chem. Eng., Feb. 
1957, p. 324. 
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Sources of Data 


Familiarization with these key 
compilations will lead the inter- 
ested reader to the hundreds of 
individual studies and articles upon 
which they are based. 

Heat capacity data for 100 gases 
have been collected by Kobe and 
his coworkers as a 21-part series 
of articles in Petroleum Refiner, 
Jan. 1949 through Dec. 1951; Aug. 
1954, p. 109; and Nov. 1954, p. 161. 
Ellenwood, Kulik and Gay reported 
results for eight common gases in 
“The Specific Heats of Gases over 
Wide Ranges of Pressures and 
Temperatures,” Cornell Univ. Engr. 
Expt. Sta. Bull., No. 30 (1942). 

Data for heat capacity of gases 


collected by API research project 
44 up to Jan. 1, 1953 have been 
published as “Selected Values of 
Physical and Thermodynamic Prop- 
erties of Hydrocarbons and Related 
Compounds,” Carnegie Press, Pitts- 
burgh, Pa. (1953). 

And a fundamental collection was 
made in 1924 of all values to that 
date by Partington and Shilling in 
“The Specific Heats of Gases,” Er- 
nest Benn, Ltd., London (1924). 

For liquids, there appears to be 
no convenient compilation of heat 
capacities similar to those for 
gases. Of course, we can recom- 
mend the usual engineering and 
chemistry handbooks. But we can 
give only one specific reference: 

Timmermans, J., “Physico-Chem- 
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ESTIMATE ENGINEERING PROPERTIES . . . 


Empirical Correlations for Heat Capacity at Constant Pressure—Table I 


Class of Compound Application Correlation Equation 
Mixed vapors* Petroleum vapors Cp = 2 670) 
Petroleum vapors Cp! =((0.0450K — 0.233) + (0.440 + 0.0177K) (10-*)t — 0.1530(10-5)” 
Petroleum vapors 0.388 + 0.09 
Pure hydrocarbon vapors*| Paraffins and olefins Cp = 2.56 + 0.51n + (0.0013? + 0.0044n — 0.00065mn + 
0.00495m — 0.0057) T 
n-Paraffins Cp = 4.0 + 1.8” + 0.012nT 
Higher paraffins Cp = 1.74 + 1.74n + 1.33m + (0.003545m + 0.00864n — 0.00486): 
Mixed liquids Petroleum oils Cp = [(0.06811 — 0.308s) + #(0.000815 — 0.000306s)] x 
(0.055K + 0.35) 
Petroleum oils Cp = + 
_ (2.10 — s)(t + 670) 
Petroleum oils Cp = 2,030 
Petroleum oils Cp = (48°) + 0.000389t — 0.0229 
Petroleum oils Cp = 0.41/s 
Natural solids Anthracite and Cp = 0.2 + 0.00088 + 0.0015V 
bituminous coal 
Sand, crushed rock and | Cp = 0.18 + 0.00006¢ 
similar materials® 


ical Constants of Pure Organic 
Compounds,” Elsevier Publishing 
Co., Inc., New York (1950). 

For solids, see the very extensive 
bibliography by J. R. Partington 
in “An Advanced Treatise on 
Physical Chemistry,” Vol. III, pp. 
811-321, Longmans, Green & Co. 
(1952). If you are considering an 
inorganic solid, check Kelley’s work 
reported in U.S. Bur. of Mines 
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Bulletin 350 (1932) and 3871 
(1934), especially the latter. There 
are also some values for solids in 
“The International Critical Tables,” 
McGraw-Hill Book Co., Inc., New 
York (1927). 


Empirical Correlations 


In the table above we’ve com- 
piled empirical expressions that can 


be used to calculate the heat capac- 
ities of liquid and vapor petroleum 
fractions and pure hydrocarbons. 

As stated in Footnote 2, the Cp 
equations for vapors apply only at 
low pressures. Two miscellaneous 
correlations for natural solids ap- 
pear at the end of the table. Below 
the table we have indicated per- 
tinent references; superscript num- 
bers refer to the footnotes. 
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Table I (Continued) 


Units 
Accuracy Tested Range Ref. 
Cp 8 t Other 
Btu. Whore. tied Average is 1.33% t from dew point to 1 
Ib.-°F. each case is the 350 C. ;s from 0.68 to 
specific gravity 0.90 
of the liquid at 
60/60 F. 
Btu. F. K = UOPor Wat- |Good for K = 11.8 t from 0 to 1,400 F. 3 
Ib.-°F. For vapors, this is son characteriz- 
for the liquid ation factor® 
corresponding 
Btu. tothecondensed | F. Average is 3% Approx. same as first 3 
lb.-°F. vapor. above 
Btu. K. n=carbon atoms/ |1-4% to 400 K. For n equal to or greater 4 
lb. mole-°F. molecule; m=H than 3 
atoms/molecule 
Btu. K. For n = 3; and for 5 
lb. mole-°F. molecule T =400 K. 
Btu. C. m and n as given |Not thoroughly tested, | For n = 3 
Ib. mole-°F. above tentative proposal 6 
Btu. F. K=UOP or Wat- [8% avg., except near | Broad range‘;/ from 0 F. yj 
Ib.-°F. son characteriz- critical state or at to T, of 0.85 
ation factor? pressures that permit 
vaporization 
Btu. 2% avg., 4% max. for |¢ from 32 to 400 F.; 3 
lb.-°F. 30 oils. 5% avg. for | s from 0.75 to.0.96 
400-750 F. 
Btu. tare 2.3% avg. at 240 F. t from 50 to 430 F.; 8 
lb.-°F. s from 0.75 to 1.00 
lb.-°F. 
Btu. At given temper- Rough rule of thumb [Fors = 0.55 Anon. 
lb.-°F. ature 
contained basis tile matter 
Ib.-°F. 
Footnotes—1. For various graphical presentations of these ag Bahlke, W. H., and W. B. Kay, Ind. € Eng. 
relations and of experimental data, see the following sources: te igs 1, p. 942 (1929). 
Maxwell, m3 . “Date Book on Hydrocarbons,” pp. 88-93 ial llon and Watson, Natl. Petr. News, pp. R372-R375 
(1950) ; and J. F. Middleton, egg Refiner, Ary 
32, pp. ie “Holeomb and Brown, Ind. Eng. Chem., 3. goe, C. S. “Thermal Properties of Petroleum Prod- 
34, p. 595 (1942); and Edmister, W. C., Petroleum Refiner, ucts,” U. 8S. NBS Miscellaneous Publication, No. 97 (1929). 
Nov. 1948. 4. Edmister, W. C., Ind. € Eng. Chem., 30, pp. 352-358 
2. All equations for vapors are for low pressures only, say (1938). 
a0 to 50 psia. range. 5. Parks, G. S., and H. M, Huffman, “The Free Energies of 
3. K=Average boiling point of mixture in deg. R. to Some Organic Compounds,” Reinhold, New York (1932). 
0.333 power and divided by s, the specific gravity of the fauid 6. Cope, J. Q., W. K. Lewis and H. C. Weber, Ind. & Eng. 
at 60/60 F. See Ref. 7 for special method of evaluating average Chem. Bs, pp. 887-892 «13>. 
boiling point for wide boiling ranges. Watson, K. M., E. F. Nelson and G. B. Murphy, Ind. 4 
. Equation was checked thoroughly by Gaucher for a wide pa Chem., 25, p. 880, (1933) 
a ge ® =. petroleum fractions and range of conditions. 8. Fortsch, Ind. & Eng. Chem., 18, 795 (1926). 
roposed by Cragoe for solids content of petroleum 9. Schaaf, H. L., Chem. Processing, March 1955, p. 190. 
ceshalae ased on data from “International Critical Tables” 10. Clendenin, z D., et. al., “Thermal and Electric Properties 
for marble, granite, Bentonite, cement mortars, sandstone, of Anthracite and Bituminous Coals,” Pa. State College Mineral 
limestone, ete. Industries Expt. Sta. Tech. Paper, No. 160, p. 19 (1949). 
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Numerical Coordinates for the Debye Curve—Table II 


Molar Cy 1/0 

0 0 0.30 
0.025 0.0073 0.40 
0.050 0.0580 0.50 
0.075 0.1953 0.60 
0.10 0.4514 0.70 
0.15 1.269 0.80 
0.20 2.198 0.90 
0.25 2.996 


Methods for Mixtures 


Only a few simple rules are 
known for approximating the heat 
capacities of mixtures. 

However, since this discussion 
applies equally to all combinations 
of mixed phases, we have _ in- 
cluded it at this point before pro- 
ceeding to pure liquids, solids and 
gases. 

The only recourse at present for 
calculating the heat capacities of 
mixtures of solids, liquids or gases 
—singly or in combination, miscible 
or immiscible—is to weight the 
pure component or phase heat ca- 
pacities by weight, mole or volume 
fractions. The choice will be dic- 
tated by the units of the heat ca- 
pacities being weighted. 

For any immiscible mixture, this 
method is accurate. For miscible 
mixtures, the relation varies in its 
accuracy from excellent in the case 
of gases at low densities (where 


Nomenclature (Consistent Units) 
Heat capacity 

Differential operator 
Internal energy 
Gravitational constant 
Enthalpy 

Mechanical equivalent of heat 
Compressibility 

Latent heat of vaporization 
Molecular weight 

Absolute pressure 

Heat quantity 

Universal gas constant 
Entropy 

Absolute temperature 
Velocity of sound 

Volume 

Coefficient of thermal expansion 
CrlCy 

Joule-Thomson coefficient 
Density 

Partial derivative of 
ubscripts 

At constant enthalpy 

For liquid phase 

At constant saturation 

At constant pressure 

At constant entropy 

At constant temperature 

At constant volume; and for 
vapor phase 
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Molar Cy T/0 Molar Cy 
3.615 1.00 5.670 
4.437 1.50 5.824 
4.913 2.00 5.884 
5.193 3.00 5.919 
5.383 4.00 5.937 
5.00 5.940 
5.604 © 5.959 


the molecules are far apart and 
there is little or no intermolecular 
interaction) to quite poor for liq- 
uid mixtures with large heats of 
mixing. The actual specific heats 
of such nonideal mixtures are lar- 
ger than the values calculated by 
assuming additivity. 

For liquids, the weighting rule 
will generally work well only for 
mixtures of chemically similar non- 
polar liquids (such as hydrocarbons 
or liquid metals), or for aqueous 
solutions of nonelectrolytes. 

Aqueous solutions of inorganic 
salts are a special class. Here, two 
rules-of-thumb are available: 

eKern’ recommends that the 
weighted specific heat be used, 
where the specific heat of the salt 
is for the crystalline state. 

e Alternatively, for dilute so- 
lutions up to about 40 wt. %, the 
assumption has been made’ that 
the dissolved salt has a negligible 
heat capacity. Thus, a 30-wt.-% 
solution of NaCl in water would 
have a specific heat of 0.7. 

The specific heats of aqueous so- 
lutions generally decrease with in- 
creasing solute concentration, as 
would be expected from the high 
heat capacity of water. 

A rigorous method for calculat- 
ing the specific heats of liquid mix- 
tures—ideal or nonideal—involves 
the use of partial molal quantities; 
but since these are calculable only 
from specific heat data for the 
given solution, the method has lit- 
tle practical value. 


Methods for Pure Solids 
Method 1—Dulong and Petit 


For crystalline solid elements, the 
atomic heat capacity in cal./gram 
atom-°K. may be approximated by 
the empirical law of Dulong and 
Petit.? This law, proposed in 1819, 
states that this value is about 6.2 
for all such elements. (For metals 
only, 6.4 is a better value.) 

The Dulong and Petit rule is 
fairly satisfactory for elements 


that have atomic weights above 
40. The value is usually less than 
6.2 for the light elements. This 
rule should be applied at room tem- 
perature or higher. However, there 
is no one temperature under which 
the law applies to all elements, 
Several elements which obey the 
law at ordinary temperatures give 
values as high as 9 cal./gram atom- 
°K, at their melting points. 

Atomic heat capacities increase 
slowly with temperature, approach- 
ing the 6.2 value at elevated tem- 
peratures, even in the case of 
low-atomic-weight elements, and 
decrease rapidly at low temperature 
with temperature decrease, ap- 
proaching zero at absolute zero. 

Actually, the law has more sig- 
nificance—and gives slightly better 
agreement—when referred to con- 
stant-volume conditions. The con- 
stant has a maximum value, calcu- 
lated theoretically by Boltzmann 
from classical kinetic relations for 
an ideal solid, of 3R or 5.96 cal./ 
gram atom-’K. Substituting this 
relation, it is found that solids of 
atomic weight greater than 40 and 
at room temperature or higher have 
a Cy = 5.9 plus or minus 0.09. 

This asymptotic value of 5.96 
occurs at low temperatures for sol- 
ids such as lead which are soft and 
malleable, and with a large atomic 
weight and low melting point. 
These properties indicate weak 
crystalline forces. 

On the other hand, the occurrence 
is at much higher temperature for 
elements with opposite crystalline 
properties. At very high temper- 
atures, if the material is still a 
solid the atomic heat capacity may 
exceed 5.96 because of the imparta- 
tion of energy to electrons by high- 
level thermal agitation. This hap- 
pens with materials like Na, Cu 
and Fe. 

For solids, C) — Cy is a small 
fraction of either, and oftentimes 
no distinction is made between the 
two (however, see method of es- 
timating given below). The law is 
usually stated as follows: 

Cp = 6.2 = 0.4 cal./gram atom —°K. 


or, 
Cy = 5.96 + 0.2 cal./gram atom —°K. 
Method 2—Kopp’s Rule 


Kopp’s rule’ applies to solid com- 
pounds. As developed by Neumann, 
Joule, Woestyn and Kopp (1831 
through 1864), the rule states that 
the molar heat capacity at constant 
pressure and ordinary tempera- 
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tures can be approximated by as- 
suming it equal to the sum of the 
atomic heat capacities of the ele- 
ments that make up the compound. 

Heat capacity contributions 
which can be used in making the 
summations are: 


Carbon 1.8 
Hydrogen 2.3 
Boron 2.7 
Silicon 3.8 
Oxygen 4.0 


Nitrogen 4.8? 
Fluorine 5.0 
Phosphorus 5.4 
Sulfur 5.4 
All others 6.2 


It follows that, subject to the 
exceptions as given in the listing 
above, these equations can be used 
for this case: 


Cp = 6.20 n (cal./gram mole—°K.) 
Cy = 5.96 n (cal./gram mole—°K.) 


where ” is the number of atoms in 
the molecule. 

Though reasonably accurate, this 
rule is empirical and inexact and 
errors of up to 20% are not un- 
common. Good accuracy has been 
reported for glasses and amalgams, 
but the rule is irregular with al- 
loys. Temperature dependency of 
heat capacity is not given by 
Kopp’s rule, so it must be con- 
sidered of limited applicability. 

We might note here that, in gen- 
eral, heat capacities of compounds 
are higher in the liquid than in 
the solid state, and that at the melt- 
ing point the two are approxi- 
mately the same. If Cp of the solid 
has reached the Dulong-Petit value 
just below its melting point, the 
difference is small; if not, as for 
ice-water, the difference is gener- 
ally large. 


Method 3—Debye’s Equation 
For a theoretical justification of 


the above approximations, and for 
a tested relation for calculating the 
heat capacities of many solids in 
the low-temperature range (say 
75 K. as a maximum), you should 
consult the simple Debye equation.‘ 

While not of great practical im- 
portance in a direct sense, low- 
temperature heat capacities of 
solids are of interest in the evalua- 
tion of absolute entropy and in the 
third law of thermodynamics. 
Debye, who along with Einstein, 
Nernst, Lindemann, Born, Black- 
man and others, made important 
contributions to the theory of the 
solid state, derived an equation 
based on quantum theory. This 
equation estimates the molar heat 
capacity of crystalline solid sub- 
stances due to lattice vibrations in 
the low-temperature range near ab- 
solute zero. The equation agrees 
surprisingly well with experimental 
data. 

By assuming for the solid per- 
fect elasticity and vibration as a 
single unit, Debye found that 

Cy = 3Rif(T/6)) 
where R is the universal gas con- 
stant; f(T/0) is a complex integral 
function; JT is absolute tempera- 
ture; and @ is a characteristic tem- 
perature, the “Debye temperature.” 

As 7T/@ approaches infinity, the 
integral function approaches 1.0 
and C, approximates the value of 
3R, or 5.96 as mentioned above. 
As T/6 approaches zero, 

f (T/0) — (4x*/5) (T/0)* 

so that, at very low temperatures, 

Cy = 464.5 
where Cy=atomic or molecular 
heat capacity in cal./gram atom—-° 
K., or in cal./gram mole—° K.; T 
is absolute temperature; and @ is 
a characteristic constant with units 
of absolute temperature. 

This equation will give C, as a 


. . « HEAT CAPACITY 


function of T/6 for T/0 equal to or 
less than about 0.08. For the co- 
ordinates of the complete “Debye 
curve” evaluated numerically, see 
Table II on the previous page. 

In general this correlation is ap- 
plicable for all elements in the 
solid crystalline state and for many 
compounds in the isotropic crystal- 
line state. It has been verified for 
monatomic solids, simple com- 
pounds crystallizing in the cubic 
system (including many metallic 
elements), and also for some metals 
crystallizing in the hexagonal sys- 
tem (such as zinc). The greater 
the value of 6, the higher the tem- 
perature for which the formula 
gives good results. 

Upper limit is at a 7/0 of 0.08 
and is equivalent to about 75 K. 
for many substances. The general 
curve, of course, may be used to 
much higher temperatures, where 
the accuracy is often superior. 

It’s doubtful that the Debye rela- 
tions apply to amorphous solids. 
For ionic and organic compounds 
of some complexity, the Debye and 
Einstein functions are often com- 
bined. Treatment of this combina- 
tion is beyond the scope of this 
article. 


Method 4—Assume No Difference 


At 300 K. (room temperature) 
Cp approximately equals C, for 
many substances. Actual magni- 
tude of the difference of molar heat 
capacities at this temperature 
ranges from 0 for carbon and 
arsenic to 0.6 for potassium and 
0.9 for iodine. Average is 0.212 
for 42 elements, which indicates 
the approximate validity of the 
Dulong and Petit law for Cp: 


Cp = Cy + (Cp — Cy) 
Cp = 5.96 + 0.21 = 6.17 


When you feel that the calcula- 


Selected Values of Characteristic Constants for the Debye Relation—Table Ill 


Element 6, Deg. K a 

Bi.. 
172 1.28 - 
400 3.74 
335 1.78 
| 462 12.0 
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Element 0, Deg. K a 
0.91 
96 5.62 
132.5 16 

413 17.4 


Element 6, Deg. K a 

275 31.0 
233 16.1 
Wie. 290 8.29 
100 15.2 
169 Sus 
320 1.44 
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ESTIMATE ENGINEERING PROPERTIES .. . 


tion of Cp, — Cy, is justified, you 
can use Eq. (4d) from Table I of 
last month’s article (Chem. Eng., 
May 1957, p. 264). 

If only linear coefficients of ex- 
pansion and compressibility are to 
be found, the approximation may 
be made that 

B = 3 (8) tinear 
and that 

k=3 (k) linear 
This is strictly true only if the sub- 
stance is isotropic. We can obtain 
the heat capacity ratio Cp/C, once 


we know the difference between the - 


two values because: 
Cp/Cy = — (Cp — Cy)] 

Eq. (4d) from Table I (see ref- 
erence above) requires knowledge 
of the temperature dependence of 
the coefficients for use over a prac- 
tical temperature range. Fortun- 
ately, an approximation is available 
to obviate this difficulty. If 

A = V#*/KrCp'J 


Then, 

(Cp Cy) molar =A Cp*T 
where A is known as the Nernst- 
Lindemann constant and the equa- 
tion is similarly named. 

This constant is essentially tem- 
perature independent for a given 
substance and can be calculated 
from one value each of V, Kr, B 
and C, at one convenient tempera- 
ture. Nernst and Lindemann also 
found (1911) that A is approxi- 
mately equal to 0.0051/T,,, where 
T,, is the melting point in deg. K. 

Alternatively, Lindemann and 
Magnus have formulated the em- 
pirical equation 

Cp —Cy =aT'4 
where a is a constant for each sub- 
stance; and T is absolute tempera- 
ture. 


Watch Your Constants 


In Table III on the previous 
page we have given values of the 
characteristic constant @ for use in 
the Debye relation. A constant a 
in units of 10“ cal./(gram mole) 
(°K.)? is included in the table and 
will be explained below. 

There is some disagreement as to 
these value of 6 for the elements, 
with the values cited in Perry’s 
“Chemical Engineers’ Handbook,” 
for example, being generally some- 
what lower than those given by 
Zemansky in his book “Heat and 
Thermodynamics.” Values for a 
few molecules are given below: 
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Compound v, Deg. K 
Todine 106 
Oxygen 126 
Potassium bromide 177 
Potassium chloride 230 
Sodium chloride 281 
Calcium fluoride 474 
Ferrous sulfide 645 
To Calculate the Constant 


Debye characteristic tempera- 
tures may also be calculated from 
properties of a solid other than its 
heat capacity: 

6=hv/k 


where @ is in deg. K.; h is Planck’s 
constant = 6.624 x 10 erg-sec.; 
v is a characteristic vibrational 
frequency in reciprocal sec.; and 
k is Boltzmann’s constant = 1.3805 
x 10° ergs/deg. K. 

A semi-empirical equation based 
partly on the supposition of Linde- 
mann*® that at the melting point 
the amplitude of vibrations of the 
atoms in a solid are approximately 
equal to their mean separation dis- 
tance, is not only easier to use but 
also checks the experimental data 
more accurately: 


vy = (2.8 X 10") (Tm/M 


which, when combined with h/k 
and reduced to its simplest form, 
becomes: 


where @ is in deg. K.; 7, is the 
absolute melting point in deg. K.; 
p is the solid’s density at T,, 
grams/ce.; and M is the solid’s 
atomic or molecular weight. 

This relation may be expected to 
predict @ within about 8%. For 
carbon and about six metals, the 
maximum deviation is 15%. The 
atomic frequency, v, has also been 
correlated with expansivities and 
electrical conductivities. 


Method 5—Sommerfeld’s Extension 


It should be noted that the Debye 
relation breaks down for metals at 
very low temperatures, but holds 
for most nonmetals in this region. 
Solids of complex crystalline struc- 
ture will also deviate from the law 
at very low temperatures. 

An extension‘ of Debye’s theory 
by Summerfeld on the basis of a 
theory by Fermi takes free electron 
motion into account and describes 
this very-low-temperature behavior 
of metals satisfactorily: 


Cy = (464.573/63) + aT 
where a@ is a constant dependent on 


the number of free electrons per 
atom. This is the a that is given 
in Table III on the previous page, 

In further generalizing, W. 
Nernst, G. N. Lewis and G. E, 
Gibson, among others, proposed 
modified forms of the Debye rela- 
tion which are more applicable to 
compounds, but which are more 
complex. 


Method 6—Kelley 

In the ordinary range of tem- 
peratures, the temperature depend- 
ence of the heat capacity of solids 
is generally expressed by: 


Cp =a+bT +cT? 


Kelley’ has found the following 
form to be preferable: 


Cp + (c/T”) 


For More About Debye 

The reader interested in further 
details of the Debye relation is re- 
ferred to these five sources: 

Zwikker’ considers the problem 
generally in his book on solids. 
Landiya® has studied C, for com- 
plex inorganic compounds. Calin- 
gaert® has pointed out an interest- 
ing relation. And Kelly”™ and 
Binnie” have considered the cal- 
culation of the Debye characteristic 
temperature, 6, by various methods. 


Next Month: Liquids 


Pure liquids get the spotlight 
next month when we evaluate and 
summarize the major proposals 
that have been made on methods 
for estimating heat capacities of 
liquids. 

In an early issue we’ll discuss 
heat capacities of liquid metals, of 
fused salts and of gases. 
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n- This special report on Process Control is the fourth in a cycle of coverage 
n- of this vital field which started in 1929. Significantly, these reports have 
. been coming at ever-closer intervals: 1929, 1948, 1952 and 1957. That 
gives a fair indication of how control developments are accelerating. 


Go back to 1929 and you are in the pioneer era of process control, with 
3 most of it pioneered by chemical process industries. There was virtually 
no literature. Control itself was just emerging from an almost embryonic 
state. There was little science, except perhaps in thermometry. 
t By 1948 control instruments had evolved markedly, but were just start- 
d ing to tap the principles of electronics. Military necessity was now elevat- 
Ss ing the concept of feedback control to new heights. Electronic and | 
, communications engineers were hatching wartime miracles. Communica- | 
tions theory was building a new science of automatic control. 
: Between 1945 and 1952 some of these wartime developments and their | 
‘ creators were making their way into process control. With them they _ 
brought new language and new methods, and their bag of new tricks which 
included block diagrams, frequency response, a heightened respect for 
dynamic process and hardware analysis, not to mention the high speed 
computer. 

Now in 1957 we begin to see where all this is leading. We are already in 
what Slater (p. 251) calls the era of Maximized control. We are sharpen- 
ing the tools of dynamic analysis, analysis instruments, data digitizing 
and computing which eventually will lead to Optimized control. But the 
operator is still “in the loop” and control is not yet fully automatic. 

In the following pages our authors attempt to show you what is already 
available, and what is now being developed to bring on the era of Optimized 
control. In addition, in 34 pages we have revised our 1952 Guide to Process 
Elements, in that way hoping to bring you in capsule form the whole 
broad picture of process instrumentation hardware as it stands today. 
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Instrumentation 
Process control today is on a “maximized” plateau of high efficiency ; 
but to go beyond this to tomorrow’s “optimized” systems will mean 


a period of. rigorous “introspection” and analysis, demanding 
the best efforts and cooperation of chemical and control engineers. 


Today’s automatically controlled 
chemical process plant is often 
hailed as “industry’s most ad- 
vanced stage of automation.” Does 
this mean that automatic chemical 
processing has reached its pinnacle 
of efficiency—that adding more in- 
strument and control technology 
would merely be gilding of the 
lily ? 

An emphatic denial from the 
growing legion of process control 
engineers would greet this ‘ ques- 
tion. ‘Heavens, no!” they would 
chime. “First of all, most of us 
have a long way to go before we 
get top efficiency in our present 
systems. When we do it, it will be 
time to take stock and start all 
over.” 

The fact is that perfection, to 
today’s searching engineer, is no 
longer an end in itself—it is a 
barrier. When refinements and im- 
provements reach a zenith, when 
the last bit of efficiency seems ex- 
tracted from a given plant, then, 
says our engineer, there is some 
intangible barrier before us. The 
time for introspection and a com- 
pletely new approach has come. 
Progress must be a never-ending 
road. 


Three Stages in Progress 
How will automatic chemical 


*L. E. Slater is executive director of 
the recently organized Foundation for In- 
strumentation Education and Research, 
New York, founded by the Instrument So- 
ciety of America in cooperation with the 
instrument industry. 
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process control get beyond its 
present level of efficiency? To those 
deep in the work it appears that 
progress will come through three 
stages: 


> Maximization—The concerted 
effort to increase the efficiency 
of existing processes by using 
the best instrument and control 
hardware and techniques. 

> Introspection — The needed 
look inward into the dynamic 
characteristics of the process 
itself in order to progress be- 
yond the stage of maximized 
environmental control. 

> Optimization — Steps towards 
the highest degree of process 
efficiency through the synthesis 
of optimum new systems. 


How far has “maximization” 
proceeded? One important gage is 
that most chemical firms now 
recognize the impact of automatic 
control technique on process effi- 
ciency and hence may allocate as 
much as 15 to 20% of new plant 
costs for instrumentation. But an 
even better indication is that a ma- 
jority of the companies have also 
launched a clear program of maxi- 
mization by— 

1. Setting up autonomous instru- 
ment and control engineering 
groups that are able to specify 
hardware based on a specialized 
knowledge of the technology. 

2. Forming instrument research 
and development groups that are 


Chemical Process 


Lioyd E. Slater* 


able to design and build specific 
needed units which are not com- 
mercially available. 

Establishing self-contained hard- 
ware development groups has in- 
evitably led several of the larger 
chemical companies beyond the 
maximization concept. While ini- 
tially preoccupied with developing 
better equipment for control of 
the process environment (i.e., flow, 
pressure, temperature, level, etc.), 
sooner or later these groups create 
the mechanized equivalent of lab- 
oratory analysis instruments, suit- 
able for location directly in the 
process stream. 

Subsequent attempts to tie such 
instruments into the automatic 
process control system—to “opti- 
mize” the process through an 
idealized “master” control of the 
product itself—reveal the magni- 
tude of the problem. This activates 
still another specialist group within 
the firm: a group of chemical and 
control engineers assigned to 
dredge up the little-understood and 
long-neglected dynamic character- 
istics of process systems. 

The transition of automatic 
chemical process control from maxi- 
mized unit operations to optimized 
systems is thus already in progress 
in the pilot plants and laboratories 
of a few chemical firms and educa- 
tional institutes. This article will 
explore the activity in each stage 
of the transition and show how all 
roads may lead one day to the con- 
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MAXIMIZATION 

Most chemical processes of today, while under 

the guidance of a central control panel and auto- 

matic control unit loop, still are encumbered by 

two lags, the product sampling lag and the proc- 
operator. 


trol engineer’s Mecca: the truly 
automatic process. 


Maximization has been defined 
as “a concerted effort to increase 
the efficiency of existing processes 
by using the best instrument and 
control hardware and techniques,” 
The key words in this definition 
are “concerted,” “best,” and “tech- 
niques.” 

Only a few years ago most chem- 
ical firms bought and applied their 
instrumentation “after the fact.” 
That is, a new plant would be de- 
signed, even built, before its 
measurement and control hardware 
was specified. Furthermore, the 
selection of instrumentation usually 
was done on a price basis and by 
purchasing people completely un- 
familiar with the function of auto- 
matic control. 

When a company formed an in- 
dependent instrument and/or con- 
trol engineering group, it was 
usually the first sign of a concerted 
effort towards maximization. At 
first this group would exercise its 
know-how and authority by select- 
ing the best instruments and con- 
trols for a given installation—no 
matter the price or the vendor. 
Then, since proper control specifi- 
cation demanded an intimate know- 
ledge of the process, the group 
ultimately got involved in design 
of new plant. At this point the 
techniques of the control engineer 
—his means for dealing with ca- 
pacity, lag, dead time, etc., in the 
control loop—started to influence 
plant design. 

In his concerted search for better 
equipment and techniques, today’s 
process control engineer keeps 
lighting fires under the develop- 
ment departments of the instru- 
ment makers. Let’s examine just 
three areas of hardware develop- 
ment that have been stimulated by 
maximization: 

>More Effective Measurement 

—An urgent need for better 

flowmeters, new ways to meter 

solids, more specific units for 
composition and stream anal- 
ysis. 

> More Speed, Precision—Many 

users feel that their processes 

warrant more speed, sensitivity, 
and flexibility in measurement 
and control devices. 

> Better Actuators—A demand 

for improved design and dyna- 

mic response characteristics to 

match actuators to vastly im- 

proved controllers. 
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- Wl be possible to program a computer for optimum 
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abeorbed in the analysis and design, that is, the 
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More Effective Measurement 

In a report to a recent meeting 
of the Philadelphia Section of the 
Instrument Society of America, 
John Johnston, Jr., of the Du Pont 
Co., told how his group, in study- 
ing a typical flow measuring system 
on a reactor, detected apparent 
errors often exceeding 20%. It 
took nearly two years, said Johns- 
ton, to track down the source of 
these errors and to narrow the 
over-all measurement error to 
within a needed +3%. 

The widespread conversion of 
batch to continuous operations, the 
shorter reaction times of sub- 
sequent processes, and the more 
critical ratios between ingredients 
has forced many control engineer- 
ing groups into similar “agonizing 
reappraisals” of measuring tech- 
niques. 

Perhaps the most closely studied 
measurement has been flow, since 
this variable inevitably grows in 
importance as processes become 
faster and more critical. Until re- 
cently, most chemical fluids have 
been metered by velocity-inferen- 
tial devices, mainly of the flow- 
restriction, differential pressure 
iype. While simple and effective in 


Total instrument purchases 


many installations, such metering 
is subject to numerous errors: it is 
affected by viscosity changes, puls- 
ations, ambient temperature shifts, 
etc. In maximizing studies, these 
errors often prove enough to sug- 
gest drastic changes in long es- 
tablished flow measuring set-ups. 
Two new approaches in velocity 
metering are now being experi- 
mented with that overcome many 
of these inherent errors. They are 
the turbine type flowmeter and the 
electromagnetic meter. Many of 
today’s chemical reactions, how- 
ever, involve extremes in tempera- 
ture and fluids density which make 
even improved velocity flow meas- 
urement inadequate. Pioneer in- 
stallations have thus been made 
with so-called mass flowmeters— 
units that meter by weight rather 
_ than velocity, from which volume is 
inferred. At least three true mass 
flowmeters became available in the 
past two years. Also, a few of the 
new velocity-volumetric types have 
been equipped with density com- 
pensation to yield mass flow. 
Conversion from batch to con- 
tinuous has also focused attention 
on the need for better ways to 
meter solids into processes. Until 
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a few years ago most continuous 
dry feeders were of the volumetric, 
precalibrated type. By equipping 
these shaker, star, or vibrator feed 
devices with variable-speed drives 
it is possible to make flowing-solids 
control a rudimentary part of the 
automatic control system. However, 
a very few control installations 
were able to achieve better than 
+3% feed error. 

More accuracy in dry metering 
control has come through gravi- 
metric feeders, where the material 
is continuously weighed—usually 
on a short weigh belt—as it enters 
the process. Considerable improve- 
ment in strain-gage and load-cell 
technique has narrowed the ex- 
pected error in belt metering to 
within +1%. Errors of less than 
one-half of 1% have been realized 
using another, more costly (roughly 
$6,000) type of gravimetric feeder: 
a loss-in-weight unit that con- 
tinuously feeds from a_ scale- 
mounted hopper. 


A New Measuring Tool 

Studies of improved techniques 
for measuring liquids and solids 
have inevitably led the process con- 
trol engineer into non-Newtonian 


STATUS OF MAXIMIZATION 

These graphs, provided by the engineering department of the Du Pont 
Co., offer some excellent clues to how fast Maximization is progressing 
in chemical process instrumentation. The graph at the left totals all of 
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flow. As chemical slurries and 
suspensions become more concen- 
trated they exhibit peculiar non- 
linear patterns in their flow be- 
havior, and flow metering in itself 
becomes meaningless as a process 
control. The isolation of rheologi- 
cal data—usually by specialized 
viscometers and elastometers—has 
become a major project in many 
process control laboratories. 

Aside from clarifying peculiar 
behavior in flow, rheological in- 
strumentation is opening up a com- 
pletely new field in finished product 
measurement. Quality standards 
for viscous products such as paints, 
lubricating oils, and cosmetics in- 
volve “blanket”? measurements of 
viscosity or flow. But what really 
is needed, say the rheologists, is a 
single-dimensional assay of some 
rheological property such as thixo- 
tropy (work softening) or yield 
value. In many cases these rheo- 
logical measurements are now be- 
ing made continuously on-stream 
and have strongly influenced the 
design of the process and its con- 
trol system. 

The process control engineer's 
success with in-stream closed-loop 
control of single-valued product 
characteristics (i.e., pH, density, 
viscosity, rheological qualities) has 
directed his interest towards more 
complex stream quality measure- 
ments. Why not, he asks, develop 
the in-plant equivalent of the bench 
analyses which are the real arbiters 
of operating procedure? Think of 
the time for sampling and labora- 
tory procedures that will be saved, 
and the reduction in off-quality 
product. 

To meet this challenge a whole 
new segment of the instrument in- 
dustry has sprung up in the past 
five years to produce stream anal- 
yzers. Almost all of the new 
stream analyzers originated in the 
instrument development labora- 
tories of major chemical or petro- 
leum firms. Many of the units now 
developed are still not commercially 
available since they are suitable 
only for measuring a specific sub- 
stance and limited to a specific 
small range of concentration. But 
others, like the vapor-phase chro- 
matograph have such a wide, un- 
exploited potential that they are al- 
most immediately snapped up by 
the instrument makers. 


More Speed, Precision 

Automatic control equipment was 
born at about the same time as the 
airplane and seems to have kept up 
the same frantic pace in its meta- 
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morphosis. World War II, for ex- 
ample, brought jet transport and 
guided missiles, but it also pro- 
duced servomechanisms and vac- 
uum-tube instrumentation. 

While the process field has not 
used the precision servos of fire 
control as such, there is no doubt 
that compact servo designs in- 
fluenced the appearance and func- 
tion of the miniaturized industrial 
controllers which came in when 
graphic panels hit the process field. 
It was tacitly understood, however, 
that the precision of military 
servos was unneeded in controllers 
that were to be coupled with the 
mechanical measuring and trans- 
mission systems in usual 
process-contro] loop. 

Vacuum-tube instrumentation, on 
the other hand, is the center of a 
definite design controversy in the 
process field. Many of the “maxi- 
mizing” engineers claim that elec- 
tronic controllers coupled with 
electric transducers open up new 
possibilities in faster, more precise 
and certainly more flexible meas- 
urement and control. But others 
feel that sensitive electronic units 
are “trimming the cake”; that, 
properly used, the rugged, proven 
mechanical systems more than hold 
their own. 

At this date it appears that 
electronics is bound to triumph. A 
recent survey of its process-field 
readers by Control Engineering, a 
McGraw-Hill magazine, revealed 
that over 90% already had some 
electronic equipment in their con- 
trol systems and that the rest plan 
to use the technique soon. Reasons 
advanced for use: better sensi- 
tivity and speed of response, 
cheaper transmission, improved 
set-point control. 


Better Actuators 


The first all-electronic miniatur- 
ized control equipment became 
available in 1951; at least a dozen 
of the instrument makers have 
entered this market since then. 
But, as D. M. Boyd reported in his 
well-known ISA paper, “Why Elec- 
tronic Control” (Sept. 1954, No. 
54-9-2), “. . . the future of elec- 
tronic controls appears very bright 
once the problem of operating the 
valve electrically has been solved. 
This actuator should be simple, in- 
expensive, and have a performance 
at least equal to pneumatic di- 
aphragm motors as far as speed 
and deadband are concerned.” 

Boyd’s statement was followed 
by similar reports from the first 
users which seemed to touch off a 


flurry of actuator developments. Ip 
1955 a most promising approach 
appeared: an electro-hydraulic 
actuator in which the control signa] 
operates a self-contained pump and 
accumulator to supply thrust power 
on a conventional valve stem. At 
the Instrument-Automation Show 
in 1956, three new electro-hydraulic 
actuators were shown, as well as 
an all-electric unit with excellent 
operating characteristics—a 4-in, 
per min. stroke at 500 Ib. thrust. 
In the Control Engineering survey 
(Nov. 1956) over half the elec. 
tronic system users were also 
equipped with electro-hydraulic ac- 
tuators. 


What Price Efficiency? 


As control equipment and tech- 
niques improve, as the complexity 
of systems grows and efficiency 
gains narrow down to fine details, 
even enthusiastic “maximizers” 
stop taking for granted the value 
of improvements vs. their cost. 

John Johnston, Jr., of Du Pont, 
outlined the problem in a recent 
speech, “That there is need for 
simplifying the operation of a 
chemical plant is clearly evident. 
At one of our newer installations, 
a moderate-sized chemical plant 
costing $8.5 million, $1.4 million 
was used for instruments. These 
consisted of more than 1,000 major 
units and nearly 1,000 minor units. 
There were 300 control valves and 
over 15 highly specialized analyz- 
ers. The central control room was 
of graphic design using conven- 
tional pneumatic control almost 
exclusively. Nearly 50 miles of 
copper tubing was needed for in- 
terconnection between transmitters, 
control room and control valves. 
More than 60 engineering drawings 
were necessary for installing the 
instruments. We expended 4,000 
man-hr. in training the instrument 
mechanics and operators in the 
use of instrumentation.” 

In this Du Pont plant, 18% of 
the complete capital equipment in- 
vestment is in its instrumentation 
and control; in other high-tempera- 
ture and hazardous processes, this 
investment may run up as high as 
30%. Clearly, the control “tail” is 
almost starting to wag the process 
“dog.” 


Next Step to Progress? 


Oddly enough, the latest result 
of the quest for the “maximized 
process”—the in-stream analyzer— 
is one of the easiest to justify 
economically. Prior to its appear- 
ance the automatic control system 
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tried to preserve the ideal material 
palance at various process steps by 
regulating secondary parameters 
such as flow, temperature, pressure, 
etc. Continuously available infor- 
mation on product quality, however, 
now enables the operator to juggle 
and reset controls in several inter- 
related systems, if necessary, to 
produce optimum product. W. C. 
Gardner, of C. F. Braun has des- 
cribed how a $10,000 mass spec- 
trometer in a sulfur plant im- 
proved operating efficiency by 3% 
through this kind of operator feed- 
back. 

The technique of operator feed- 
back through readings from a 
stream analyzer has suggested a 
logical break-through to the con- 
trol engineer: the integration of 
a number of unit controls into a 
“master” control system based on 
end-point or 
ment. Instead of the operator, why 
not tie in a computer programmed 
with operator logic? 

At this point—with a tantaliz- 
ing glimpse of the truly automatic 
process just ahead of him—our 
control engineer comes to a grind- 
ing halt. For not only is the 
process operator unable to tell him 
quantitatively why he does certain 


The stage of Introspection in the 
transition of chemical process con- 
trol is defined as “the needed look 
inward into the dynamic character- 
istics of the process itself in order 
to progress beyond the stage of 
maximum environmental control.” 
The key words in this definition— 
the words that justify a new col- 
laboration between control and 
chemical engineers—are obviously 
“dynamic characteristics.” 

Why dynamic characteristics? In 
the past the conventional design of 
a chemical plant and its control 
system was based on data ac- 
cumulated by chemical engineers on 
the balanced or steady-state char- 
acteristics of the component steps, 
such as heat exchange, mixing, dis- 
tillation, etc. Unfortunately, in 
actual production these character- 
istics, or controllable quantities, 
are usually changing continuously. 
Yet it is the function of the “static 
design” control system to maintain 
fixed values of the controlled vari- 
ables, and to do so despite the 
ordinary process load changes. 
Such disturbances can, and usually 
do, cause wide swings in process 
equilibrium and subsequent changes 
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things to integrate a production 
process, but the literature of chem- 
ical processing is also notably 
barren on this subject of process 
plant dynamics. 


A New Collaboration 


Up to the present, most progress 
in the automatic operation of 
chemical processes has come from 
the instrument and control en- 
gineer. But it is now obvious that 
a new stage has been reached 
where the fundamental job of 
analyzing and evaluating the per- 
formance of the process itself must 
be done by his necessary collabora- 
tor, the chemical engineer. With 
this work behind him, the chemical 
engineer will be able to supply his 
contro] colleague with precise in- 
formation on plant behavior under 
given conditions and the present 
blind spots in computer program- 
ming will be eliminated. 

Collaboration between chemical 
and control engineers, aimed at 
closing the gap with dynamic 
analysis, has proceeded with suc- 
cess in a few isolated and limited 
cases. But the mere fact that it is 
proceeding is a sure sign that 
process control is already launched 
into its stage of Introspection. 


in product quality. It is obvious 
that the truly optimized plant and 
its control system must be based on 
dynamic rather than: static funda- 
mentals. 


Dynamic Analysis—a Challenge 


Today very few quantitative 
facts are available on the dynamic 
characteristics of process plant. 
Filling this gap offers a great chal- 
lenge to the chemical engineer; it 
not only opens the way for the 
collaborating control engineer to 
optimize design in his control 
systems, but also suggests the syn- 
thesis of completely new or im- 
proved processes from the know- 
ledge gained. 

Expressed differently, dynamic 
analysis gives the chemical engi- 
neer the opportunity for funda- 
mental studies in the dynamics of 
unit operations, quite apart from 
automatic control. There is a good 
chance that the subsequent gain in 
the dynamic performance of the 
process may be even more valuable 
than the improvement in auto- 
matic contro] technique, owing to 
acceleration of throughput or re- 
duction in energy consumption. 


How Far Have We Come? 


Dynamic analysis got its start 
well before World War II. Most of 
this early work, however, was 
aimed at exploring the behavior of 
feedback control systems and equip- 
ment by mathematical techniques. 
One of the rare published works on 
the analysis of process plant was 
that of C. E. Mason and G. A. Phil- 
brick (Transactions ASME, 1941): 
a complete systems analysis of a 
series of surge vessels. The Mason- 
Philbrick technique was later used 
to control flow between columns in 
petroleum fractionation trains. 

World War II unleashed some 
powerful new tools for dynamic 
analysis. The scientist-engineers 
developing servomechanisms for 
weapons control systems borrowed 
techniques from electrical network 
and feedback amplifier theory and 
came up with the control block 
diagram, the equivalent circuit, and 
the frequency response plot. But, 
more important, they applied these 
tools not only in the analysis of 
complete systems, but in the syn- 
thesis of new, optimized control 
systems. 

It took a few post-war years for 
the implications of servomechanism 
theory and technique to reach the 
chemical process field. But since 
1948 the signs of such work in this 
field have grown in volume and 
purity. A few samples are listed 
in the tabulation: 


A Few Steps in Servo Theory’s 
Invasion of the Process Field 


1950: C. I. Rutherford, in England, in- 
troduced frequency response tech- 
nique to process and plant analysis 
Inst. Mech. Engrs., London, 


1950). 

1951: D. W. St. Clair, W. F. Coombs 
(Eastman Kodak) and W. D. Ow- 
ens (Minneapolis-Honeywell) de- 
scribed use of frequency response for 
automatic control system analysis at 
ASME annual meeting (see Paper 
51-A-127). 

1952: Y. Takahashi, Japan, discussed his 
method of analyzing heat exchange 
processes by the transfer function at. 
Cranfield Conference in England (see 
later description, Control Hng., May 


1 

1953: F. W. Velguth and R. C. Anderson 
(Corn Products) detailed an analyti- 
cal method for determining minimum 
capacities for control applications at 
annual ISA meeting (see ISA Paper 


55-6-3). 

1953: A. R. Aikman, then in England at 
ICI Ltd. reported using frequency 
response technique on a spray dryer 
and heat exchanger, before Interna- 
tional Conference on Frequency Re- 
sponse held by ASME in New York 

see “Frequency Response,” McMillan 
New York). 

1954: N. Ream, England, told the annual 
meeting of the Society for Instrument 
Technology how to secure process con- 
trol settings from frequency charac- 
teristics (see SIT Trans., Vol. 6, 


1954). 

1954: J. B. Reswick (MIT) published his 
doctoral thesis on a method for .dy- 
namic process analysis without upset 
(see later description, Control Eng., 
June 1955). 

1954: J. M. L. Janssen (Royal Dutch Shell 
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tab Holland) reported a method for 
studying control system behavior by 
means of deviation ratio (more com- 
in Control Eng., 


5 

1955: E. Holzman (Shell Development) 
described work on the dynamic analy- 

e ASME (see Pa -IRD-5). 

19. ‘Buckley (Du Pont covered work 
on the dynamics of pneumatic control 
i at annual ISA meeting in Los 


1985: i Vooter (Royal Dutch Shell, Hol- 
land) told of application of frequency 
response technique to a distillation 
column at joint meeting of BIChE and 
SIT at age England. 

1955: A. M. Mozley (Du Pont) offered 
data on predicting the dynamics of a 
heat to ACS 

Decembe 

1956: tail ISA in New York, 
chemical process control engineers 
reported on: (1) using an analog 
to ‘study process dynamics ; 

(2) frequency response tests on a 
fractionating column; (3) dynamic 
analysis of a chemical reactor; (4) 
dynamic analysis of a heat exchanger. 


By the end of 1956, the tempo 
of work in dynamic process analysis 
reached a new pitch when the newly 
formed Process Control Subcom- 
mittee of AIChE conducted a round- 
table discussion on the subject in 
its December 9-12 meeting in Bos- 
ton. In reviewing the more than 
two dozen papers on various as- 
pects of chemical process dynamics 
of the past three years, this com- 
mittee found a wealth of techniques 
to use in the forthcoming era of 
introspection and analysis. 

As Control Engineering’s Febru- 
ary 1956 editorial stated it, “From 
this springboard the ‘chemicals’ can 
rise to their needs if they publish 
their experience, include control 
engineering in chemical engineer- 
ing curricula, and cooperate with 
other professional groups. . .” 

What are the “tools” for chem- 
ical-process introspection? Our 
brief review has listed them and 
hinted at the degree of their 
present use in the chemical field. 
They are— 

1. Step upsets coupled with 
mathematical analysis 

2. Frequency response analysis 

8. Statistical techniques 

4. Analog computer simulation. 

Dynamic characteristics of proc- 
ess plant and control systems—the 
object of introspective probing— 
are simply the time response of 
each system and its members to a 
change in energy supply and load. 
Hence a tool for studying dynamics 
may be any form of experimental 
technique that will assay the re- 
sponse of a plant and its controls to 
such quantitative changes. 


Tools for Introspection 


Transient Response—The re- 
sponse of a process or a control 
system to a step change in its in- 
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put, or an abrupt “upset,” is known 
as its transient response. The 
graph in Fig. 1 illustrates the effect 
of this change on a process. After 
a certain dead time, the measured 
variable which has been upset will 
move to a new level—the steepness 
of its reaction curve being a good 
measure of process capacity. To 
study system dynamics various 
step inputs are applied and re- 
sultant data are mathematically 
converted to numbers which char- 
acterize the system’s response and 
its controllability. The technique 
becomes cumbersome in analyzing 
complex systems, but has been used 
widely to derive controller settings. 

Frequency Response —In recent 
years, the frequency response tech- 
nique has been more widely used 
to study process dynamics because 
of its easy application and rela- 
tively simple corollary mathematics. 
As Fig. 2 shows, instead of a step 
input disturbance a _ continuous 
sinusoidal input disturbance is im- 
posed on the system, resulting in 
a sinusoidal output. The output 
usually varies in amplitude and 
phase from the input, the magni- 
tude of these changes depending on 
the system properties or dynamics. 
The frequency response is usually 
determined over a wide range of 
frequencies and resulting 
curves are analyzed graphically by 
means of a Bode or logarithmic 
plot to determine the system’s 
dynamic response to load changes, 
that is, its transfer function. 

Statistical Technique—Both tran- 
sient and frequency response an- 
alysis of process plant, however, 
have one shortcoming: they subject 
the process to an upset which may 
reflect itself in lost or off-grade 
product. A recently developed tech- 
nique of statistical correlation cir- 
cumvents this problem. In this 
approach (Fig. 3) a random noise 
signal is imposed on the normal 
signal input. Accurate high-speed 
normal operating records are made 
for related input and output func- 
tions in the system (i.e., valve stem 
position on steam to the heater, 
and product temperature). The in- 
put record is auto-correlated and 
the output record cross-correlated 
against input, and both are fed 
into an analoging device—Res- 
wick’s delay line synthesizer (see 
Control Engineering, June 1955, 
p. 55)—which resolves what es- 
sentially is the transfer function 
of the system in the form of an 
output voltage that can be dis- 
played on an oscilloscope. 


Process response to a step input. (Fig. 1 a 


In Reswick’s delay line synthe- 
sizer we come extremely close to 
still another tool for process 
analysis: the electronic computer. 
As information on the dynamic 
characteristics of a system is 
gathered it becomes more and more 
possible to assemble the hardware 
for its mathematical model or 
analog. This computer can then 
be “turned inward” to study the 
dynamic response of the simulated 
system to different types of dis- 
turbances. It can also be used to 
find automatic start-up methods 
and test the performance of new 
control components before they are 
installed. 

When an analog or digital com- 
puter reaches the stage where it 
completely simulates the dynamic 
characteristics of a system then, of 
course, it ceases to be simply an 
analytical tool and can become a 
true optimizing automatic con- 
troller. But more about this later 

. . there is still another step in 
between. 


Getting the Data 


In one way control hardware’s 
evolution is like the primeval eel. 
The eel grew legs to crawl out of 
its drying lake bed; both seem to 
anticipate future needs. The cur- 
rent preoccupation of the process 
field with data logging is a case in 
point. While a few dozen extensive 
logging systems are already work- 
ing in chemical plants and many 
more are planned, few process con- 
trol engineers can really tell you 
why they are buying their equip- 
ment. Yet like the eel’s dry lake 
bed, the process control field’s need 
will soon be here and the field seems 
almost instinctively to be taking 
the steps to meet it. 
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The fact is that as the tools and 
techniques for process analysis 
become more and more like a com- 
puter, the need for gathering and 
providing process information to 
the computer in proper form be- 
comes more and more urgent. Data 
logging systems have introduced 
the needed analog-to-digital con- 
verters, the needed linearization 


The process control engineer’s 
ultimate objective, the stage of Op- 
timization, is defined as “steps 
towards the highest degree of proc- 
ess efficiency through the synthesis 
of optimum new systems.” The key 
word in this definition is, of course, 
“synthesis,” the word that, makes 
“optimization” a unique new level 
in progress. To Webster’s defini- 
tion of synthesis we might add a 
single word: “the combination of 
separate elements into an optimum 
whole.” In the case of process con- 
trol, synthesis describes the meld- 
ing of automatic technique, or con- 
trollability, with process design to 
secure an optimized plant or sys- 
tem. Thus synthesis implies the 
quantitative incorporation of in- 
strumentation at the design stage. 

How will optimum system syn- 
thesis come about? Let us return 
briefly to the “tools of Introspec- 
tion” and their purpose. The col- 
lecting of dynamic response data 
on unit operations and control 
hardware offers the collaborating 
process designer and control engi- 
neer criteria for selecting the 
proper response characteristics in 
both control and process equipment. 
In attempting to integrate these 


criteria into a system there will 


obviously be give-and-take. Various 
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readily converges the process of 
-reduction of errors toaminimum. 


and shaping of scale factors that 
will link the hardware of the auto- 
matic industrial control system of 
today to the computer-controllers 
of tomorrow. 

A solid belief in this “look ahead” 
function of data logging is already 
here. A recent survey of process 
control readers by Control Engi- 
neering (Jan. 1956, page 59) asked 
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concessions to adapt the result to 
an optimum balance between eco- 
nomics and performance will be 
needed. But there will also surely 
be a synthesis of completely new 
designs in the process. 


The Optimizing Method 

The method for synthesizing op- 
timum new systems is known for- 
mally as “control systems engineer- 
ing.” A classic definition (Control 
Engineering, September 1956) de- 
scribes control systems engineering 
as three basic steps: 

1. Specification — Knowledge of 
process and equipment dynamics is 
merged to set up the performance 
criteria for the desired system. 

2. Synthesizing—The system is 
created on breadboard, mathemat- 
ically, or by analog to analyze its 
adherence to performance criteria. 

3. Evaluating — The synthesized 
system is projected to its commer- 
cial form and subjected to the test 
of practical economics. 

Before prototype or actual new 
system is ever built, control sys- 
tems engineering subjects its de- 
sign to a thorough, iterative pro- 
cedure that has one end in view: 
the optimized system, or a plant 
which produces maximum specified 
product at minimum cost. 


them to rate the nine most common 
justifications for a logging instal- 
lation. Out of the welter of labor- 
saving reasons came this winner: 
“to provide information for process 
plant research and analysis.” Fully 
375 out of 532 process control en- 
gineers with data logging experi- 
ence advanced this reason as a 
major justification. 


Role of the Computer 


In the previous discussion we 
also hinted at another route to 
optimization: the electronic com- 
puter as a “master controller” that 
would absorb product quality meas- 
urements and other variables and 
automatically control the plant at 
optimum level. Today the human 
operator, with only his intuitive 
knowledge of process dynamics, at- 
tempts this formidable optimizing 
job. But even if we assumed that 
the operator had valid data avail- 
able on dynamics, his ability to op- 
timize would still be inherently 
curbed by his slow capacity to re- 
ceive and interpret large masses of 
data; his frequent need to perform 
long and involved computations; 
and the large number of variables 
which preclude advance program- 
ming. 

The proposal, therefore, is that 
a computer be substituted for the 
human operator to overcome opera- 
tor lag and inadequacies by auto- 
matically—and in split seconds— 
determining the proper relation- 
ships among the process variables 
for optimum process performance. 
To do so, the computer must be 
realistically supplied with the 
necessary equations based on the 
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NIAGARA FALLS, N.Y. 


PHILADELPHIA, PA. 


Hew Du Pont, working with Burroughs Corp., fed process data from Niagara Falls to a computer 


WILMINGTON, DEL. 


dynamic characteristics of the 
process. 

How will the computer control? 
It is suggested that the computer 
must become an integral part of 
the process instrumentation and 
communicate with the process di- 
rectly. The “integration” would 
take place this way: 

1. Measuring elements would 
transmit information describing 
the present state of the process to 
the computer. 

2. The computer would then solve 
the equations which define optimum 
process performance. 

3. The completed results would 
next be transmitted to control de- 
vices to manipulate the process 
variables to desired values. 

4. Actual process behavior would 
then be compared with that pre- 
dicted by the computer and the 
parameters of the equations ad- 
justed to a realistic optimum. 


An Optimizing Experiment 


This description of how a com- 
puter can control a process is essen- 
tially the method followed in a re- 
search project under Prof. Donald 
P. Eckman’s direction at Case In- 
stitute of Technology. For three 
years a team of graduate students 
studied the kinetics of the chemical 
reaction inside a batch reactor for 
hydrogenating vegetable oils. Hav- 
ing expressed the data analytically 
in the form of differential equa- 
tions, the important factors affect- 
ing the kinetics were pinpointed. 
Pressure and temperature were 
found to be the most important 
variables affecting process per- 
formance. 

Using the calculus of variations 
methods, the Case researchers next 
derived a complete set of new equa- 
tions to define an optimum path 
for the process, that is, a time pro- 
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gram of operating conditions which 
would yield the specified product 
with minimum processing time. A 
great deal of detailed work was 
done to compare product composi- 
tion in pilot runs to calculated val- 
ues. Values for the samples were 
fed into a computer which applied 
them to the solution of the opti- 
mizing equations. Thus, each time 
a sample was taken, a new opti- 
mizing path was defined based on 
the most recent process informa- 
tion available. 

At this stage, by using a rapid 
method for product composition 
analysis that they had developed 
and by eliminating error accumu- 
lation, the Case research team had 
essentially set up a semicontinuous 
type of computer control. From 
an academic standpoint, computer 
process control was now a proven 
venture. 

Case Institute considers its suc- 
cessful demonstration “exploratory 
work” and hopes to continue the 
project, substituting a digital com- 
puter for the analog first used. 
Eventually they hope to apply the 
method to a complete continuous 
process. But Eckman and his as- 
sociates see the practical applica- 
tion of their findings as “years 
ahead.” 


Computers and Systems Engineering 

While the Case experiment 
proves the possibility of a computer 
control, it confines the demonstra- 
tion of optimization to an exist- 
ing process. Whether computer 
control is used or not, the purist 
control-systems engineer sees the 
ultimate objective as optimization 
through the synthesis of new and 
improved processes. Why be bound 
by the tradition of existing proc- 
esses, he asks? 

Almost nothing has been pub- 


lished about process equipment 
which has been especially designed 
for built-in controllability. But 
there are many small but sure signs 
that existing equipment is chang- 
ing towards this end. In almost all 
these cases the inevitable real-time, 
on-line computer has helped cata- 
lyze the change. 

A joint Burroughs Corp.-Du Pont 
study project of last spring is a 
case in point. The process chosen 
for the experiment (Fig. 4) was a 
reaction between liquid and gas- 
eous ingredients in Du Pont’s Nij- 
agara Falls plant. Eleven measure- 
ments—ten level and one composi- 
tion—were picked up, converted to 
electrical pulses and sent by tele- 
phone wire to the Burroughs Com- 
puter Center in Philadelphia. Here 
the signals were encoded and fed 
into a general-purpose digital com- 
puter which had been programmed 
with a certain amount of process 
dynamics, and which was set up to 
calculate transfer, yield, averaged 
production, and loss figures at in- 
tervals frequent enough for rapid 
evaluation of process behavior. 
These figures were flashed on a 
screen before a management group 
in Wilmington. 

While the Du Pont-Burroughs 
experiment clearly demonstrated 
the utility of on-line computation 
for management and operator guid- 
ance of the process, several sig- 
nificant hurdles in the path of ulti- 
mate computer process control were 
taken: 

1. The computer was hooked up 
to existing industrial measurement 
equipment and the analog-to-digital 
conversion was simple and inexpen- 
sive, 

2. The computer was _ pro- 
grammed, at least in part, to the 
dynamics of the operating process 
—hence was more than just a data- 
processing machine. 

3. The rapidly obtained and re- 
vealing data on process perform- 
ance provided by the computer 
suggested some spot improvements 
in the operating process and its 
control. 

So, it appears that progress into 
the era of the synthesized process 
and computer-controlled plant—the 
stage of Optimization—is coming 
through short, practical steps, as 
well as through basic demonstra- 
tions of the principles involved. 
That the path ahead is thorny and 
tedious, no one questions. But there 
is also an emphatic din from a 
growing legion that claims it is the 
proper, if not the only route to 
travel. 
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Controllers 


Control 


Elements 


During the past five years the 
outstanding development in con- 
trollers and final control elements 
has been the spreading use of elec- 
tronic control systems. 


Electronic Vs. Pneumatic 


Comparative merits of pneumatic 
vs. electronic control systems have 


. been discussed widely. Mainly, dis- 


cussion has centered on: 

Cost of installations. 

eFrequency of trouble and 
maintenance. 

eSpeed and quality of con- 
troller response. 

Flexibility. 

¢ Final control element. 

Installation Cost — No generally 
valid data are available. If you 
don’t consider the interconnecting 
lines, a pneumatic system usually 
costs less. Where signais must 
travel 500 ft. or more, electronic 
systems generally cost less to in- 
stall, 

Long transmission lines occur 
most often as the links to central- 
ized control panels. That is why 
electronic control systems and min- 
iaturization went hand in hand, 
since both are particularly suited 
for centralized panels. 


For explosion-proof service, cost 


may favor the pneumatic system, 
although under centralized opera- 


_tion only the primary and final con- 


trol elements generally require ex- 


plosion-proof consideration. 
Trouble and Maintenance — So 


far, electronic control systems now 
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Electronic recorder- 
controller with man- 
ual-automatic trans- 
fer switch. (Fig. 1, 
Swartwout) 


operating seem to be remarkably 
free of trouble. And they are at 
least as safe as pneumatic systems. 

Tubes need out-of-schedule re- 
placement much less frequently 
than is generally assumed. Only 
minimum amounts of trouble-shoot- 
ing effort and time are needed to 
carry out replacements. 

Instrument men may need some 
re-education to handle this type of 
system. Some of the. resistance to 
use of electronic controls is based 
on the alleged difficulty of re- 
education. 

However, this resistance is more 
psychological than factual. The ob- 
jection disappears when the elec- 
tronic control system turns in some 
clear-cut advantages. An example 
of such advantage is that shown 
by the electronic potentiometer 
measuring instrument. For given 
applications, its advantages are so 
obvious that people hardly ever 
object to using it. 

A more serious disadvantage, 
however, is loss of electronic con- 


sae 


trol when power fails and a supply 
of stand-by power is not available. 
By contrast, an air compressor sys- 
tem generally has sufficient reserve 
capacity to carry over a short-term 
power failure. 

Climatic conditions may put the 
pneumatic system at a disadvan- 
tage. In cold weather, air pressure 
lines may freeze, despite desicca- 
tion. Electronic control systems are 
free from such complications, pro- 
vided they do not depend on com- 
pressed air to operate valves. 

Response Speed and Quality— 
Stress on response has its origin in 
highly specialized servo theory. It 
has been carried into the process 
field without sufficient critical judg- 
ment. 

Occasionally, high response 
speeds are certainly needed. But 
frequently, the demand reflects an 
expensive urge for perfection that 
is not needed. 

The electronic controller may be 
faster than the pneumatic, particu- 
larly where there are long trans- 
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mission lines. However, this is an 
advantage only exceptional 
cases, Time constants in chemical 
processes and final control elements 
practically always are considerably 
larger than the time constant even 
of a slow controller. 

Quite possibly some people may 
be correct when they claim that mo- 
tion lost within the mechanisms of 
pneumatic controllers suffices to 
introduce a significant dead band 
in the controller response. Thus, 
a wider proportional band is re- 
quired to avoid instability under 
such conditions. 

Electronic controllers would have 
the advantage then of allowing nar- 
rower proportional bands. Devia- 
tions of the controlled variable 
from the set point are corrected 
faster, thereby reducing the mag- 
nitude of the deviation. 

Flexibility — Either the pneu- 
matic or the electronic controller 
can satisfy the flexibility demanded 
by the conventional control loop. 
However, to meet the requirements 
of data reduction and computing 
functions — adding, multiplying, 
squaring, etc.—the electronic sys- 
tem is more flexible, by far, than 
the pneumatic system. It is in the 
light of such developments that you 
can see the decisive future for elec- 
tronic systems. 

Final Control Elements — This 
question merits separate considera- 
tion. Here, we can say that it does 
not decisively influence the com- 
parison between pneumatic and 
electronic control systems. 

Advantage Not Decisive—When 
you have sifted all the written and 
verbal comparisons between pneu- 
matic and electronic systems, you 
conclude that neither system has a 
decisive advantage over the other. 


In non-centralized systems, in- 
strument people generally favor the 
pneumatic approach. On other in- 
stallations, individual cost factors 
must be considered. Frequently, 
minor considerations or individual 
preferences may determine choice. 

In any event, these are impor- 
tant points to consider: 

eRequirements for explosion- 
proof equipment. 

Re-education of instrument 
men. 

¢Consequences of power fail- 
ure. 

¢ Climatic conditions. 

¢Data reduction and comput- 
ing requirements. 


Electronic Controllers 


Two leading manufacturers of 
electronic control systems recently 
have made important changes in 
their devices. These changes are 
significant in terms of past, pres- 
ent and future developments. 

Unitized Controller—Panel spaces 
used for mounting either the mini- 
aturized pneumatic recorder or the 
electronic recorder are equivalent. 
However, while pneumatic control- 
lers frequently are designed to plug 
into the back of the recorder, the 
electronic controller requires addi- 
tional panel space in many cases. 

Admittedly, the pneumatic ar- 
rangement saves panel space, but 
the controller cannot be adjusted 
from the front of the panel. You 
cannot observe how the recorder 
acts while you adjust the controller, 
except for set-point adjustments. 

On the other hand, the additional 
panel space occupied by the elec- 
tronic controller appeared worth- 
while because it was more acces- 
sible and you could observe the 
record while making adjustments. 


< 
Line Control furnace 
d.c. 
Controller and magnetic amplifier regu- 


Despite this advantage for panel 
mounting of the controller, at least 
one electronic manufacturer has 
changed over to a _back-mounted 
controller similar to pneumatic 
equipment. 

Somewhat the same difference 
has existed between electronic and 
pneumatic types with regard to the 
manual-automatic transfer switch, 
In electronic controllers this switch 
has been treated as a separate unit; 
miniaturized pneumatic controllers 
have the switch built into the re. 
corder so that the recorder cannot 
be taken out without removing the 
manual-automatic switch, too. 

Now, however, the same elec- 
tronic controller which mounts into 
the back of the recorder incorpo- 
rates the manual-automatic switch 
as an integral part of the same 
unit, Fig. 1. Yet, both recorder 
and controller can be removed with- 
out disturbing the switch. 

Transistors—From data reported 
by D. E. Barnes (Barnes, D. E., “A 
Review of Transistor Reliability,” 
Bureau of Ships Journal, Nov. 
1956, p. 28.) on the frequency with 
which vacuum tubes and transis- 
tors fail in telephone and computer 
usage, we can conclude that 0.1- 
1.0% of vacuum tubes and 0.1-0.6% 
of transistors fail per 1,000 hr. of 
operation. 

While these results show longer 
life expectancy for transistors, the 
advantage is not so overwhelming 
as assumed occasionally. Transis- 
tors still cost more than vacuum 
tubes and tend to drift with tem- 
perature changes. Usually, this 
drift can be compensated for in the 
circuit, provided that surrounding 
temperatures do not exceed cer- 
tain maxima at which the transis- 
tor becomes inoperative. 


Temperature 
transducer 


Optimai 
controller 


Optimal contro! regulates steam to tank. (Quarie Controls, Fig. 3a) 
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One controller now available is 
largely transistorized. One vacuum 
tube remains. The longer life ex- 
pectancy gained by substituting 
transistors for vacuum _ tubes 
should prove to be an advantage 
for this design. 

Magnetic Amplifiers — Probably 
cost is the only reason why mag- 
netic amplifiers seldom have been 
used for industrial control sys- 
tems. Certainly, their slightly 
poorer dynamic performance com- 
pared with electronic systems is 
hardly a factor. For ruggedness 
and life expectancy, they are su- 
perior to most any other system. 

One application where the mag- 
netic amplifier is used with 
considerable advantage is in regula- 
tion of power to a temperature- 
controlled electrically heated fur 
nace, Fig. 2. 


Galvanometer movement G is ac 


tuated by the emf. generated by 
the thermocouple TC. A manually 
operated setting arm that carries 
the setpoint indicator J may be po- 
sitioned at any desired point. 

On the setting arm, behind the 
scale, are a small light source L 
and a photocell P arranged so that 
light from the source is projected 
upon the photocell. As the tem- 
perature rises toward the point 
where the galvanometer pointer 
approaches the position of the set- 
point indicator, the opaque flag F 
begins to interrupt the light beam. 

Current passing through the 
photocell is reduced gradually until 
the flag reaches the point where the 
light beam is eclipsed completely. 
Thus, flow of current varies di- 
rectly with the light intercepted by 
the photocell in accordance with the 
rise and fall of temperature at the 
thermocouple. 


Tank 


Steam flow 
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Tank temperature 


Steam flow 


Optimum control points for one steam 


Current from the photocell is am- 
plified by a vacuum tube and fed 
into the d.c. control winding of the 
magnetic amplifier. Variations in 
this control current modulate the 
current passing through the outer 
windings of the amplifier. Thus, 
electric power supplied to the fur- 
nace load is proportional to the 
variations emitted by the photocell. 

Optimal Control—An electronic 
controller introduced recently is 
basically different from the con- 
ventional type. Instead of holding 
a variable at a predetermined set 
point or adjusting the set point 
automatically in proportion to some 
other variable source, it maintains 
the slope at which the controlled 
variable responds to changes in 
some other variable, Fig. 3a. 

In the sketch, you see a process 
tank heated by steam. The rela- 
tion between temperature and 
steam flow is not a linear one. 
Since the process is self-regulating, 
temperature rise slows down as 
steam flow increases. 

Optimum control would occur at 
the knee of the curve, Fig. 3b, for 
tank temperature vs. steam flow. 
However, this curve is valid for 
only one steam temperature. If the 
steam temperature rises, a dif- 
ferent condition exists as shown on 
the set of curves, Fig. 3c. Then 
the set point of the controller would 
have to be changed. 

This may be done by a ratio con- 
troller, but only if a linear rela- 
tionship exists between steam 
temperature and optimum tank 
temperature. Otherwise, the opti- 
mal control which controls automat- 
ically at the optimum slope of the 
curve (for the most economical 
tank temperature) may offer de- 
cisive advantages: 


Final Control Elements 


Wider acceptance of electronic 
controls has brought about some. 
entirely new concepts of final con- 
trol elements. Methods used today 
with electronic controllers comprise 
basically three approaches: 

e All-electric actuators. 

e Diaphragm-and-spring valves 
with electropneumatic relays. 

e Electrohydraulic actuators. 

Moving Coil—Most of these de- 
vices have one element in common, 
the moving coil. In principle it is 
shown in Fig. 4. 

Coil is suspended in the air gap 
of a permanent magnet. Current 
flowing through the coil results in 
a force which repels or attracts, 
depending on direction of current. 

If the force attracts, the coil will 
move into the air gap, expanding 
the spring from which it is sus- 
pended. When the spring force 
equals the signal force of the coil, 
the coil balances at this point. 

All-Electric Actuator—In one 
typical design of this element, the 
force of the moving coil is balanced 
by a feedback spring which is ex- 
panded by the motion of the valve 
stem. Any change of signal from 
the controller results in a new force 
level in the moving coil. 

The resulting motion displaces 
the core of a differential trans- 
former. Output from the trans- 
former is fed into an electronic 
amplifier which energizes a re- 
versible motor. The motor drives 
the valve through gears until the 
feedback spring again balances the 
input signal and steady conditions 
are re-established. 

Stroking speed of this unit is 
4 in./min. at 500 lb. max. thrust 
and 8 in./min. at correspondingly 
lower thrust. This is slower than 


to coil 


Moet final control clements use moving coll (Fig. 4) 
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most pneumatic diaphragm-and- 
spring valves. Thrust is about the 
same, if not slightly higher. 

Electropneumatic Relay — Elec- 
trical output from a controller can 
be converted into a pneumatic sig- 
nal by an electropneumatic relay. 
In turn, this signal is applied to a 
conventional diaphragm-and-spring 
valve, with or without positioner. 

The principle of a typical relay 
is illustrated in the accompanying 
sketch, Fig. 5. Again, a moving 
coil is sensing element of unit. 

On the right, the lever is fas- 
tened to a feedback diaphragm. 
When the electrical input signal 
increases, the resulting increase in 
force in the moving coil tends to 
move lever away from magnet. 

This depresses the feedback 
diaphragm. Its downward motion 
displaces the pilot valve stem, 
opening the lower port. The result 
is that the air pressure increases 
under the feedback diaphragm as 
well as under the booster relay 
diaphragm. 

The pilot valve remains open to 
the air supply until the pressure 
under the feedback diaphragm has 
increased sufficiently to balance the 
force due to the electrical input. 

Increased air pressure under the 
booster relay diaphragm moves the 
booster valve stem upward and 
opens the upper port of this valve. 
Supply air then flows through the 
port, increasing the loading pres- 
sure and the pressure on the upper 
side of the booster relay diaphragm. 

The upper port of the booster 
valve closes as soon as the pres- 
sures on both sides of the dia- 
phragm are equal. This re-estab- 


changes in input signal in linear 
fashion. 

Electrohydraulic Actuator—A 
schematic drawing of an electro- 
hydraulic actuator is also shown, 
Fig. 6. The moving coil is fastened 
to a jet pipe which swings freely 
in two bearings. One is a ball bear- 
ing, the other an oil-suspended 
sleeve bearing which eliminates 
practically all friction. 

Oil, pumped through the sleeve 
bearing into the jet pipe, dis- 
charges through a small opening in 
the tip of the pipe. The jet of oil 
from the pipe hits two receiving 
orifices located side by side. With 
the slightest deflection of the jet 
pipe, one orifice will receive more 
oil than the other displacing the 
piston accordingly. 

If signal current increases, the 
coil moves into the magnetic field 
and rotates the jet pipe in a count- 
er-clockwise direction. This directs 
flow of fluid so that the piston 
moves downward together with the 
plug of the control valve to which 
it is linked. 

The feedback lever is connected 
to the piston stem by a roller and 
spring which permits it to follow 
the motion of the stem. This 
stretches the feedback spring as 
the piston moves toward a new 
position. 

As the feedback force increases 


lishes balanced conditions, but at Electrohydraulic actuator 
a loading pressure raised in pro- 
portion with the increased elec- 
trical signal. 
Similar action takes place on de- 
creasing electrical signals. In either 
case, the loading pressure follows 
_ (Swartwout Co., Fig. 5) 
Lever Vent to 
atmosphere 
Pivot Feedbock diaphragm 
--Pilot 
valve stem 
Supply air 
Lyading 
valve — pressure 
Vent to 
atmosphere 
Booster relay 
diaphragm 


and approaches the opposing force 
of the moving coil, the jet pipe re- 
turns to its neutral position. Once 
it reaches this position, the piston 
stops. Its position is proportional 
to magnitude of signal current. 

Stable Situation—All the 
tuators described here perform like 
the pneumatic diaphragm-and- 
spring valve. With the electro- 
hydraulic actuator, there are some 
advantages such as higher thrust, 
greater speed and better dynamic 
performance. But on all these de- 
velopments, there was need to keep 
cost down and there was no impel- 
ling urge to greatly surpass pres- 
ent-day performance standards. 

This may indicate a situation 
where there is no demand for basic 
or drastic improvements. This ap- 
plies to the controller as such since 
the final control element is gen- 
erally the limiting element in a 
control system, except for the 
process itself. 

Final control elements’ with 
higher performance characteristics 
are available or can be made avail- 
able readily, at a price. 

As processes are developed that 
call for performances unattainable 
today, controllers will enter a new 
cycle of major perfection. Until 
then, we may face an era of con- 
solidation rather than one of revo- 
lutionary novelties. 


| 


( 


i 
al 
el 
el 
e 
a 
st 
oe 
| 
ir 
/ lever 0 
( 
adjustment 
-Pivot | 
p 
all 
| 
= 


Where 


Primary Elements 


Are Headed 


Theodore R. Olive 
Senior Associate Editor 


What is the status of primary 
elements for process control today? 
This question, put to a number of 
engineers prominently associated 
with the use of process instrumenta- 
tion, brought forth some general 
areas of agreement. Much of it is 
adequate for present needs and in- 
strument companies seem aware of 
the directions for future develop- 
ment. However, there are areas 
in which satisfactory primary 
elements are now lacking, and pretty 
general improvement will be de- 
manded of instruments if process 
control is to advance into the era 
of optimization discussed by Slater 
(p. 251). 

An instrument primary element, 
or transducer, is a device which is 
able to detect a process variable. 
Process variables may be classi- 
fied roughly into those which apply 
to properties of the process en- 
vironment—the so-called environ- 
mental variables—and those de- 
pending on properties of the 
process material itself. The present 
article deals with some of the first 
group—temperature, pressure, level 
and flow. The second group, com- 
prising mainly composition vari- 
ables and their associated analyti- 
cal measurements, has become so 
important with the advent of ex- 
tensive in-stream end-point analy- 
sis that it has been made a separate 
and much longer article (see Aik- 
man, p. 266). 
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Primary measuring devices are the heart of process control— 
without them, no control. Most are good, but better ones will 
be needed: In some cases no satisfactory elements now exist. 


SI 


in general, it is possible today 
to gain any desired precision in 
measuring the environmental vari- 
ables—provided one is willing to 
pay for high precision. Average in- 


struments, with average installa- | 


tion and care, are usually good to 2 
to 4% accuracy, or better. It is a 
common complaint, however, that 
some types lack reliability, require 
too much maintenance and cost too 
much. There is a constant demand 
for instruments which will more 
uniquely measure the property de- 
sired. For instance, many instru- 
ments for variables other than 
temperature are nevertheless tem- 
perature-sensitive, and some are 
sensitive to line voltage variations. 
There is a demand for instruments 
depending on direct measurements, 
rather than inferential. 

Then, there are the gaps in pres- 
ent satisfactory instrumentation. 
Among these are instruments for 
high-temperature measurements on 
flowing gases, for high-tempera- 
ture pH, and for several kinds of 
flow metering including high-pres- 
sure pulsating flow, slurry flow, and 
very low fluid-flow rates. 


Temperature 


Temperature is an area where 
the need for faster response is 
often heard. Protecting a thermo- 
couple to avoid contamination 
means added measuring lag. So the 
demand is for better metallurgy to 


assure uniformity and non-contami- 
nation, preferably without protec- 
tion. Improvements in temperature 
measurement are gradual, with 
fundamentally new ideas intro- 
duced rather infrequently. Ther- 
mistors, which had just been 
brought out at the time of our 1952 
review, have still not made a great 
deal of progress as primary ele- 
ments despite their occasional use 
in instruments as temperature com- 
pensators. One new idea which 
stems from the bonded-wire strain 
gage is a wafer-like resistance 
thermometer which is cemented to 
the surface whose temperature is to 
be measured, thus assuring inti- 
mate contact and rapid response. 


Pressure 

Much of the demand for better 
environmental transducers comes 
from the military and rocket field, 
rather than from processes. De- 
mands for extreme precision and 
for freedom from rapid-pulsation 
errors are largely in this class. One 
answer to the precision problem is 
the Electromanometer developed 
by Consolidated Electrodynamics. 
Here the movement of the measur- 
ing bellows is automatically op- 
posed by a force just sufficient to 
null its movement. Any movement 
of the bellows due to’a pressure 
change displaces a _ differential 
transformer and produces a voltage 
signal which is amplified to drive 
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a servo motor. The motor positions 
a digital pressure read-out as well 
as a feedback potentiometer, the 
latter controlling the current 
through an electromagnetic pres- 

_ sure balance to restore the bellows 
to the original null position. 

Aside from exceptional cases, 
pressure transducers available com- 
mercially are quite suitable for 
_ ranges from high vacuum to 20,000 
_ psi., or higher. Principle problems 

_ involve corrosion in some cases, 
over-ranging, rapid pulsations, and 
temperature errors. The pulsation 

- problem is being handily solved in 


many instances by strain-gage 
transducers. 
Liquid and Solids Level 


Very considerable development 
has taken place in liquid and, to 
some extent, in solids level meas- 
urement in recent years. 

Perhaps the most generally use- 
ful of the new electronic methods 
is capacitance level measurement. 


R.F. 
oscillator 
Rate. Pulse 
metering moderator 
Tronsducers 
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The simpler and older method of 
using capacitance is to employ high- 
and low-level probes which simply 
have to detect the presence of an 
air-liquid or air-solids interface. 
The newer method now being intro- 
duced by several manufacturers 
(Fig. 1) involves the use of a con- 
tinuous insulated electrode which is 
more or less submerged in the 
liquid or solid in the vessel, depend- 
ing on depth. The capacitance be- 
tween the electrode and the vessel 


R.F. 
oscillator 


wall varies with the dielectric char-' 
_ acter of the material between them. 
If air fills the entire space, one 


reflected from 


Rate 
metering 


Level can be sensed by timing acoustic waves 


surface. Second wave 


path is for reference. (Gulton, Fig. 3) 


Mass meters which measure 


need no density correction, (G.E., Fig. 4) 


value obtains. If the space is filled 
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with liquid or solid, a different 
yalue of system capacitance will 
hold. With intermediate values of 
Jevel, the measuring unit will 
determine intermediate values of 
capacitance and its indicator can be 
calibrated in terms of level. 

“Radio broadcasting” as a means 
of level detection has been put to 
use in one instrument (Fig. 2) for 
tank farm gaging. Instead of a 
float, on the end of a perforated 
tape there is a small cylindrical 
sensing element containing a wire 
antenna which penetrates the liquid 
level ys in. It is supplied with 
minute r.f. signals from a one-tube 
transmitter. Return signals travel 
back up the cable, their strength de- 
pending on the submergence of the 
antenna. Deeper submergence 
weakens the signal. An amplifier- 
receiver operates to hold a constant 
signal corresponding to 7s in. sub- 
mergence through control of a 
servo motor driving the tape wind- 
up. Drum position is then tele- 
metered by a null-balance system 
over distances up to five miles. 
There liquid depth can be read to 
feet, inches and 7sth’s. 

Ultrasonic level gaging is an- 
other of the newer methods. One 
method, shown in Fig. 3, employs 
two transducers secured outside the 
tank wall. Pulses of ultrasonic 
energy are transmitted to the 
liquid surface by one transducer, 
and over a fixed distance to the op- 
posite wall by the other. Reflected 
pulses re-trigger the pulse trans- 
mitters. Time for the round trips 
is measured electronically and in- 
terpreted as liquid depth. The 
fixed-distance transducer provides 
a continuous correction standard 
so that an accuracy of 1% is said 
to be possible. 

Other developments in this area 
include an increasing interest in 
digital level transmission to tie in 
with the new developments in data 
handling; and further use of gam- 
ma-ray detection for both solid and 
liquid levels. This is particularly 
true where access to the level would 
be difficult by other methods. 


Fluid Flow 

In an ever-larger number of 
eases a demand for higher flow 
metering accuracy is making itself 
heard. This will be still more 
urgent as the integrated data-han- 
dling systems begin to make them- 
selves felt. Military demand has 
already resulted in a number of 
important developments in flow 
metering in the last few years. 
Some of these are likely to become 
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of increasing importance to process 
industries. 

In addition to the well-known 
positive-displacement meters, which 
are inherently accounting machines 
since their primary response is in- 
tegrated flow volume, we have the 
flow-rate-responsive instruments 
whose primary response is rate of 
flow. These require an added in- 
tegrating function if total flow is 
needed for accounting. With either 
type, of course, density correction 
may be needed for greatest ac- 
curacy. This is one of the main 
reasons for the very active devel- 
opment of mass flow meters since 
our 1952 review. 

The new mass flow meters are of 
two basic types, true mass meters 
which respond to rate of mass flow, 
and volume-flow-rate meters with 
automatic density correction. Sev- 
eral true mass meters are now on 
the market, all similar in general 
principle although differing con- 
siderably in the means of applying 
the principle. Such meters impart 
angular momentum to the fluid as 
it flows through the pipe, then 
measure the torque required to re- 
move this momentum. 

Fig. 4 is typical of several meters 
employing this principle. The fluid 
passes through a radial impeller 
driven at constant speed, there 
picking up angular momentum 
(swirl). It passes a central disk to 
eliminate mechanical coupling ef- 
fects and then loses its angular 
momentum by passing through a 
second radial impeller which is free 
to move but is restrained by a 
spring. Its torque, as measured by 
the spring, is proportional to the 
mass flow. 

Other meters working on a 
similar principle include the gyro- 
scopic type and the Li coriolis-force 
meter, both commercialized by 
Norwood. In each of these, mass 
readings are produced directly, 
without need for density or viscos- 
ity corrections. 

Rate-of-flow meters generally are 
of the fixed-orifice, variable-head 
type (orifices, venturis), the vari- 
able-orifice, fixed-head type (rota- 
meters), or the stream-velocity 
type (turbine, ultrasonic and elec- 
tromagnetic meters). Several of 
these are now available with auto- 
matic density correction to read out 
mass flow rate. One of them is il- 
lustrated in Fig. 5. This is a tur- 
bine-type meter which, through the 
action of the rotating magnetic 
field of the rotor, produces an alter- 
nating current in the pick-up coil 
having a frequency proportional to 


the flow velocity. Electronic meas- 
surement from a displacement-type 
density transducer is multiplied by 
a voltage proportional to the fre- 
quency to yield a mass flow indica- 
tion. 

Another interesting new velocity 
meter is the ultrasonic type, devel- 
oped by Maxson and, available in- 
dustrially through Fischer & 
Porter. The meter is a tube con- 
taining two diagonal acoustic paths 
having a crystal transducer at 
either end. One path points up- 
stream, the other down. In each 
path pulses of ultrasonic energy 
are projected by a transmitter at 
one end to a receiver at the other. 
By a re-triggering arrangement 
controlled by the receiving crystals 
the transit time for the pulses is 
calculated. Their difference is pro- 
portional to the flow velocity but is 
independent of acoustic velocity in 
the fluid. 

A fifth crystal transducer is used 
to determine the density of the 
flowing fluid. The voltage across it 
is proportional to the product of 
fluid density and acoustic velocity 
so that dividing it by a voltage pro- 
portional to acoustic velocity (ob- 
tained from the circuit of one of 
the two acoustic paths), and com- 
bining the result with the velocity 
measurement in a computer, a mass 
velocity indication results. The 
computer also totalizes flow. 


Needs For Future 


Some of the aims which instru- 
ment men see for the future of pri- 
mary elements can be summed up 
as “more signal from less hard- 
ware.” They are looking for less 
costly, more reliable instrumenta- 
tion that will be less complex and 
easier to maintain, more specific, 
faster in response, less affected by 
extraneous influences, and able to 
operate under more extreme condi- 
tions of temperature, pressure and 
—particularly for nuclear plants— 
radiation. Then there is a whole 
new area that is certain to become 
important as digital data handling 
becomes general, that is, primary 
elements with direct digital read- 
out to avoid the need for digital 
converters. 

Manufacturers are familiar with 
these needs. They and user instru- 
ment engineers are devoting much 
research to their solution. With 
the extra reliability that transis- 
tors, magnetic amplifiers, printed 
circuits and hermetically sealed 
components will bring to indus- 
trial instrumentation, the goals 
seem likely to be attained. 
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Process Control 


Control specialists look to analysis instrumentation to provide much 
production facilities in the chemical process industries. Herein are 
during the recent past. Analysis instruments still in the laboratory 


Since the last Instrumentation 
report appeared in Chemical En- 
gineering five years ago, the in- 
dustrial importance of rapid, re- 
liable, accurate analysis has in- 
creased considerably. Techniques 


in use at that time have been’ 


consolidated; methods which were 
just emerging from the laboratory 
now are accepted in the plant. 
Other techniques, which until re- 
cently were unheard of outside 
academic research laboratories, are 
now about to come into process use. 

It is probably fair to state that 
instrumentation for the automatic 
control of environmental conditions, 
and the understanding of this in- 
strumentation and its application, 
have reached a reasonable level of 
maturity during the last five years. 
In the five years ahead, analysis 
instrumentation can be expected to 
carry an ever-increasing share of 
the burden of making process plant 
more easily operable and more ef- 
ficient, and to reach a correspond- 
ing state of maturity and industry 
acceptance. 

Extensive knowledge of auto- 
matic control has become so wide- 
spread that lack of basic theoretical 
tools, which can be made rather 
simple, is no longer a barrier to 
successful system design. 

Rather, today’s limitations are 
lack of knowledge of process statics 
and dynamics. Development of on- 
stream analytical instruments is 
helping to emphasize this shortcom- 
ing. 

Appreciation of the value of 
timely data is growing, with all 
that this implies for process and 
instrument dynamics. 

In this review, we shall einpha- 
size the instruments themselves and 
their applications, since the space 
allotted makes it impossible to in- 
clude sampling systems and auto- 
matic contro] considerations. 


The instruments are grouped as 
Spectroscopic and Non-Spectro- 
scopic. The former tend to be much 
more selective or responsive to a 
given component of a mixture in 
the presence of any variation in the 
other components. They also tend 
to be much more complex and ex- 
pensive although there are many 
exceptions. 

Although this review is oriented 
toward process and application, it 
would not be complete without a 
glimpse at some of the newer tech- 
niques. At their present stage of 
development these techniques are 
found in the research laboratory. 
But by extrapolation of trends, the 
author expects them to evolve into 
plant instruments soon. 


NON-SPECTROSCOPIC 


Methods included in this cat- 
egory generally are simpler and 
more reliable than spectroscopic 
methods. However, in some cases 
they are much less selective, or not 
selective at all. 

The fact that the process in- 
dustries use so many for mon- 
itoring or control] is attributable 
not only to their comparative sim- 
plicity, but also to the fact that 
many process streams are binary 
or pseudo-binary in composition. 
We shall stress new methods or 
ones with the greatest application 
potential. Not discussed here are 
methods such as pH and redox, 
electrical conductivity, and auto- 
matic titrators. 


Thermal Catalytic Converter - 


The principle of this instrument 
is not new, but recent developments 
have increased selectivity consider- 
ably. Hydrocarbon or other com- 
bustible vapor to be analyzed is 
mixed with excess air and led over 
a catalyst contained in a cell. Heat 


of combustion is measured by a 
differential thermopile and_ re- 
corded. 

Recent advances in catalyst 
manufacture permit selection of a 
catalyst on which will burn only 
one specific gas. At the present 
time, catalysts can be specified on 
which will burn any hydrocarbon 
up to and including all the C, com- 
pounds. As many as three catalytic 
cells, each with a different catalyst, 
may be placed in series to obtain 
a multi-component analysis. 

The time constant is about a 
minute and the price will be “com- 
petitive” with gas chromatographs. 
Ranges between 0-1% and 0-100% 
may be obtained with accuracy ap- 
proaching 1% of full scale. This 
instrument will be available com- 
mercially later this year. 


Flow Colorimeters 


In their simplest form, these de- 
vices consist of a light source, 
filter, sample cell and detector. Filt- 
ers are used to obtain compara- 
tively narrow band widths to en- 
hance selectivity. 

Ratio-recording flow colorimeters 
also are available. A single beam 
of light is passed through the 
sample and split into two beams. 
One beam passes through a filter 
direct to a photocell. The other 
passes through a reference (non- 
absorbing) filter to a second cell. 

The ratio of outputs from the 
two photocells is recorded. In this 
way, the effect of variations in 
turbidity, window deposits, etc. are 
substantially eliminated. 

Applications for these instru- 
ments include monitoring of filtra- 
tion processes (by turbidity meas- 
urement), wax-decolorizing proc- 
esses and chlorine dioxide solutions. 


Thermal Conductivity 
A new twist in thermal con- 
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Instrumentation 


of the future progress toward completely automated 
reported the significant developments in this field 
stage are evaluated for possible future plant use. 


ductivity analysis of gases was 
introduced about a year ago. Con- 
ventional thermal conductivity an- 
alyzers rely on the fact that the 
rate of heat loss from a heated 
filament in a small chamber is pro- 
portional to the thermal conduct- 
ivity of the gas in the chamber. 

In this new design, Fig. 1, the 
thermal convection of the gas is 
used as well. One cell is made sev- 
eral times larger in diameter than 
the other. The difference between 
rate of heat loss in a large cell 
and in a small cell becomes greater 
as the conductivity decreases, and 
as the molecular weight of the gas 
increases. As a result, the output 
of the instrument can be weighted 
in favor of one component. 

This instrument has found ap- 
plication in monitoring some hydro- 
carbon and fuel-gas streams. 


Moisture in Gases 


A new approach to moisture-in- 
gas analysis, developed originally 
by Du Pont, is now embodied in a 
commercial instrument available 
from several manufacturers. This 
exceptionally. simple instrument 
continuously and _ simultaneously 
absorbs and electrolyzes any water 
present in the gas stream. 

The absorbing material is a thin, 
viscous film of phosphorus pent- 
oxide in contact with two specially 
wound platinum wires inside an in- 
sulating tube. A d.c. voltage ap- 
plied to the wires continuously elec- 
trolyzes the water as it is absorbed. 
The current drawn is proportional 
to the humidity of the gas, if con- 
stant flow rate is maintained. 

Response is linear down to 1 
ppm. The instrument is inexpen- 
sive, aS would be expected from its 
simplicity. Typical applications are 
for moisture in natural gas, Freon, 
bottled gases, compressed air, and 
research studies. 
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Sonic Methods 


Details of two plant instruments 
for gas analysis were released over 
two years ago in Britain” * and one 
U. S. manufacturer makes one. The 
basic physics of these instruments 
is identical. Velocity of scund in a 
gas composed of a single type of 
molecule is: 

V = (yRT/M)?* 
where V is sound velocity, y is the 
ratio of specific heats of the gas, R 
is the gas constant, T the absolute 
temperature and M the molecular 
weight. 

The sound velocity is independ- 
ent of pressure. In gas mixtures, 
the effect is additive and can be 
calculated in advance from a know- 
ledge of the molecular weights and 
specific heats of the components. 

Obviously, the method is not 
selective. But it is particularly 
suitable for determining an im- 
purity of high molecular weight in 
a gas of low molecular weight, or 
vice versa. 

In one instrument, the gas to be 
analyzed is contained in a tube be- 


New gue analyser uses thermal convectids: and 
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tween a transducer fed by an oscil- 
lator, and a microphone. The time 
interval between emission and re- 
ception of a sound wave is inversely 
proportional to velocity and is 
measured easily and accurately as 
a phase difference by an electronic 
meter. 

For example, in a 30-cm. tube, 
the phase angle introduced by mix- 
ing 1% of CO, with air is 2.96° at 
3,000 cps. For 1% bromine vapor 
under the same conditions, it is 
21.6°. The phase angle measured 
is nearly proportional to concen- 
tration. Temperature control or 
compensation is necessary for ac- 
curate measurement. 

The other instrument has been 
used to measure the concentration 
of C,F, vapor in air. In it, the 
velocity of sound at a controlled 
temperature is determined by 
measuring the resonance frequency 
of a tube containing the mixture. 
A servomechanism maintains a 
state of resonance when composi- 
tion is changed. 

The transducer-detector elements 
of these instruments can be built 
into process pipes. These instru- 
ments may find application where 
rapid response is needed, or where 
the corrosive or radioactive nature 
of the gas make it undesirable to 
remove gas from the process pipe 
for sampling. 


Ionizing Radiation 

Ever since the Geiger-Mueller 
counters and ionization chambers 
were first developed, people have 
studied how the composition of the 
filling gas affects the characteris- 
tics of these devices. Within the 
past few years, the problem has 
been re-studied from the analysis 
point of view. 

Among the factors affecting the 
current in an ionization chamber 
are the type of ionizing radiation, 
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the ionization cross-sections of the 
gases in the chamber and the po- 
tential difference. 

On several grounds, a beta-ray 
source such as Sr-90 is the most 
effective and convenient source of 
ionizing radiation. Voltages around 
100 are commonly used. The effects 
of gas composition on ionization 
current are roughly additive in 
proportion to mole percent and 
ionization cross-section of each 
component, although there are 
many anomalies due to ion re- 
combination effects. 

Applications® include analysis of 
argon (1-13%) in ammonia syn- 
thesis gases and ammonia. In the 
case of the synthesis gas, ammonia 
and hydrogen are removed before 
determination of the argon content. 

An instrument operating on a 
similar principle has been used as 
a detector in vapor chromatography 
equipment.‘ A similar instrument, 
employing an alpha-particle source, 
was used to study diffusion proc- 
esses because of its very high speed 
of response.° 

Although these techniques are 
non-selective, they find use as ac- 
curate and speedy methods to sup- 
plement or replace other non-selec- 
tive gas analysis instruments. 


Refractive Index 

Today, at least three manufac- 
turers are offering rugged ex- 
plosion-proof on-stream refractom- 
eters with precision between one 
part in the fourth decimal place 
and one part in the fifth decimal 
place. Temperature compensation, 
an essential for reaching such pre- 
cision, is built into the instruments. 

Despite the necessity for having 
a clear and clean sample stream 
and the fact that the technique is 
non-specific, a substantial number 
of these instruments are working 
on continuous monitoring or con- 
trol applications. Examples are the 
fractionation of cyclohexane and 
n-hexane with refractive indices of 
1.42623 and 1.37486 respectively. 
This difference is sufficient to en- 
able composition to be determined 
within 0.1%.° 

Refractometers also have been 
used on direct automatic control of 
operations such as the blending of 
butadiene and styrene, and on con- 
tinuous control of methyl-cyclopen- 
tane-cyclohexane fractionation.’ 
Process refractometers are com- 
paratively simple and rugged. For 
this reason, they may be preferred 
over alternative instruments such 
as infrared when working with 
binary streams. 
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SPECTROSCOPIC METHODS 


Infrared 

In the period covered by this 
survey, no fundamentally new prin- 
ciples of infrared instrumentation 
have been introduced. There are 
still two principal types available 
for plant applications: dispersive 
and non-dispersive. 

The non-dispersive type can be 
subdivided further into two 
groups: the negative filtering with 
non-selective detector and the posi- 
tive-filtering (Luft) type. Of the 
more than 1,000 process-control in- 
struments which have been sold, 
the great majority are the non-dis- 
persive, positive-filtering type. 

A fundamental reason why in- 
frared analyzers are used so widely, 
especially in the petroleum and 
petrochemical industries, is that 
many of the groups in organic 
molecules display characteristic ab- 
sorption bands in the infrared 
region. These spectra have their 
origin in the natural frequency of 
vibration of the groups. Examples 
are the CH, absorption band at 3.3y 
and C=O band at 5.3-6.4u wave- 
length. 

Sensitivity of infrared instru- 
ments may be adjusted from high 
percentages of a key constituent 
down to parts per million in favor- 
able cases, such as CO in air. 
Selectivity can be extremely high 
when components of the mixture 
do not have overlapping spectra. 
But sensitizing the instrument to 
respond to only one constituent of a 
complex mixture with spectra that 
overlap partially can be trouble- 
some. Each application must be 
evaluated independently. 

One advantage claimed for the 
dispersive-type infrared  instru- 
ment® is the comparative ease of 
adjustment when the spectrum is 
known for each constituent of the 
gas mixture. Accuracy of infrared 
analyzers in general is 1% of full 
scale, sometimes better. 

Problems associated with sample 
handling, maintenance and stability 
of infrared instruments have been 
steadily overcome. At the present 
time, there is sufficient confidence 
in some installations so that the 
instruments are permitted to func- 
tion as part of a closed-loop auto- 
matic control system.” 


Nearly all process infrared an- 


alyzers are used on gas streams. 
On liquid streams, sample-handl- 
ing problems are apt to be more 
difficult and very thin absorption 
cells must be used. If there is ap- 
preciable viscosity, it may he dif- 


ficult to force the sample through 
the cell at an adequate rate. None. 
theless, liquids such as_ water 
(0-0.4%) in liquid SO.” have been 
analyzed. 

The great majority of these in- 
struments at present carry out 
their control function through the 
human operator. Infrared instru- 
ments continue to be one of the 
most powerful means of in-process 
analysis, and their use is certain to 
be extended. 


Mass Spectrometry 

During the last five years, mass 
spectrometry has changed consid- 
erably and has evolved from the 
laboratory to a variety of applica- 
tions in process control. 

Relatively speaking, mass spec- 
trometers are fast, very sensitive, 
versatile and have very high selec- 
tivity and accuracy.” If you take 
into account the associated vacuum 
system, they are rather complex. 
However, within the past few years, 
electronic equipment has steadily 
gained wider acceptance in process 
plants. Simultaneously, mass spec- 
trometers have been simplified to 
the point where the latest model 
has but 9 tubes and weighs little 
over 100 lb. 

The mass spectrometer makes 
possible the fairly rapid, semi-con- 
tinuous analysis of multicomponent 
mixtures when appropriate data- 
reduction and computation facili- 
ties are available. For example, a 
20-component mixture can be an- 
alyzed completely and the com- 
position printed out within a 10- 
min. cycle.“ 

Monitoring of one or a few mass 
peaks also is practicable and cor- 
respondingly faster. Typical of 
such applications are monitoring of 
sulfur in sulfur-recovery tail gases” 
and of acetylene produced by the 
Wulff process.® 

Individual samples may be as 
small as 0.1 ml. of gas or 0.001 ml. 
of liquid. The instrument is so 
versatile that it can handle a range 
and concentration of sample ma- 
terial that varies from 5-10 ppm. 
O, or N,. in argon, to major per- 
centages of hydrocarbons in LPG. 
Accuracy will approach a few 
tenths of 1%. 

In the very near future, we can 
expect further improvements in the 
instrument and associated sampling 
systems. At the same time, the 
processes themselves will be under- 
stood better. These developments 
will lead to a few direct automatic- 
control applications where a re- 
latively small amount of computa- 
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Schematic diagram of vapor chromatograph analyzer. (Fig. 2) 


tion is required on the spectrum. 
Because it delivers a great deal 
of information relatively fast, one 
mass spectrometer in conjunction 
with special-purpose computing and 
data-handling equipment conceiv- 
ably could analyze automatically 
and perhaps control several multi- 
component plant streams. 


Vapor Chromatography 

Vapor chromatography recently 
has been hailed as “the greatest 
advance in analysis of volatile pe- 
troleum constituents since the adop- 
tion of spectroscopic methods.” 
But, the technique is by no means 
new in conception.” Validity of 
such a claim is based on ability to 
separate microgram samples into 
their components with no overlap 
of fractions. And it is done at 
comparatively low cost, using little 
or no electronics. 

Symptomatic of the very recent 
mushrooming of interest in this 
country is the increase from two 
or three manufacturers of labora- 
tory and plant instruments in early 
1955 to 9 or 10 at the present time. 

In the elution-partition method 
now most favored, Fig. 2, a con- 
tinuous stream of carrier gas flows 
from an external bottle at a con- 
stant rate ranging from 5 to 400 
ml./min. Although helium gen- 
erally is preferred, hydrogen and 
nitrogen also are used. 

First, the carrier gas flows 
through the reference side of a 
thermal conductivity cell, then past 
a sample injection point to the 
partition column. Liquid samples, 
0.01-1.0 ml., or gas samples, 0.25-25 
ml., are injected by syringe or by 
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a variety of valve devices. The 
sample vaporizes into the carrier 
gas which sweeps it into the 
column. 

The partition column itself 
usually is 4-in. dia. and a few feet 
long. Inert packing, such as Celite, 
supports a high-boiling organic 
liquid such as dinony] phthalate in 
which the vapor components are 
slightly soluble. 

Since all the components vary in 
partition coefficient between car- 
rier gas and the stationary column 
liquid, they are washed through 
and out of the column (eluted) at 
differing rates. If the column is 
long enough, each component will 
be borne by the carrier gas from 
the far end of the column at a 
different time. 

The stream is led to the measur- 
ing side of the conductivity cell, 
so that any change of vapor com- 
position causes an unbalance in the 
detector circuits. Output signals 
from the cell are applied to a po- 
tentiometer recorder. The con- 
ductivity cells and column are ther- 
mostatted to a suitably elevated 
temperature, up to about 300 C. 

Analytical results are recorded 
as a series of peaks on a strip 
chart, Fig. 3. Components are 
identified by measuring the elapsed 
time between injection of the 
sample and elution from the col- 
umn. The amount of each com- 
ponent is proportional either to the 
peak height or to the area under 
the peak. Thus the instrument re- 
cords a molecular spectrum by a 
process analogous to scanning. 

In some instruments, an auto- 
matic integrator determines the 


area under each peak. Total time 
for analysis varies between a few 
minutes and an hour, depending 
upon the ease with which the com- 
ponents can be* separated and the 
range of molecular weights. 

Dispersion and hence selectivity 
of the instrument can be made ex- 
tremely high by choice of the ap- 
propriate liquid phase and operat- 
ing parameters such as gas flow 
rate, temperature, nature of carrier 
gas and column dimensions. As an 
example, it is possible to separate 
and identify C, fractions including 
n- and_ isobutane, isobutylene, 
trans- and cis-butene-2, butene-1 
and butadiene on a routine labora- 
tory or even an onstream basis. 

Sensitivity of chromatographic 
equipment is such that traces as 
low as 50 ppm. of air in Freon can 
be detected in three min., although 
reproducibility may suffer at such 
low levels. For the determination 
of important trace components, the 
sample must be sufficiently large to 
give a reliable response for the 
trace material. Consequently, the 
major constituents may drive the 
recorder pen off scale. 

Instruments recently available 
for plant use employ a series of at- 
tenuators connected to the detector 
circuit in timed sequence. Thus, 
as the column elutes, each peak is 
attenuated by a pre-selected factor 
sufficient to keep the pen on scale. 
The sensitivity is practically un- 
limited in trace analysis if the com- 
ponent peaks are far apart. 

Explosion-proof instruments are 
being manufactured now by at 
least two companies for use on- 
stream in hazardous locations. An 
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application to the continuous an- 
alysis of propane in propylene” 
was described recently. 

Comparing the chromatograph 
with the mass spectrometer, both 
provide multi-component analysis. 
But generally, the chromatograph 
does it at lower cost and sometimes 
at slower speed. 

Chromatographic phenomena de- 
pend on the characteristics of the 
whole molecule. The mass spectro- 
meter breaks the molecules into 
ionic fragments and the compo- 
sition of the original sample mix- 
ture must be computed by working 
backwards from the spectrum. The 
required matrix inversion computa- 
tion necessitates the use of a digital 
computer if reasonable speed and 
high accuracy are expected. 
Comparing the chromatograph 
with infrared analyzers, the infra- 
red is substantially faster for a 
single component, but more com- 
plex. Reliability and serviceability 
of the infrared units have been im- 
proved greatly in recent years. 

The chromatograph is more ver- 
satile. Its cost may vary from 
about $1,500 for a laboratory in- 
strument to over $10,000 for an 
automatic, explosion-proof, on- 
stream instrument with reproduc- 
ibility of within 1%.” 

No chromatograph has yet been 
used in closed-loop automatic con- 
trol, but the potential here is con- 
siderable.” 


Radio-Frequency Spectroscopy 


Three closely related analytical 
techniques—nuclear magnetic re- 
sonance (NMR), microwave ab- 
sorption, and electron paramag- 
netic resonance (EPR)—show po- 
tential for process analysis. The 
most advanced of these in an in- 
strumental sense is NMR which is 
just graduating from research 
laboratory to process control lab- 
oratory use. 

These are truly spectroscopic 
techniques whose close resemblance 
is due to use of electromagnetic ra- 
diation phenomena which take 
place at radio frequencies (gen- 
erally megacycles and up). 

The important developments have 
ali occurred in the last decade. Al- 
though evaluation of these tech- 
niques for application in the proc- 
ess industries is far from complete, 
already it is clear that some, if not 
all of them, have possibilities ag 
far-reaching perhaps as infrared 
analysis or mass spectrometry. 
Microwave Spectroscopy—aAt fre- 
quencies of tens of thousands of 
megacycles, each observable com- 


pound exhibits a large number of 
sharp spectral absorption bands as 
the frequency is scanned. The spec- 
tral lines are due to transitions 
between different rotational energy 
levels of the molecule, which in 
turn depend on the moment of in- 
ertia of the molecule. 

The compound must have an ap- 
preciable electric dipole moment 
such as is found in ammonia, mer- 
captans and pyridine, but which is 
missing from most hydrocarbons. 
The sample must be vaporized at 
low pressure to prevent broadening 
the characteristic lines. Sample 
path length will be a few feet. 

Under favorable circumstances, 
such as prevail with ammonia gas 
which absorbs strongly at these 
frequencies, the minimum detecta- 
bility is about one part per million. 
As molecular weight increases, it 
becomes more difficult to detect the 
molecule. For example, butyl mer- 
captan is difficult to detect.” 

Microwave techniques have been 
very successful at the research 
level for determining electric di- 
pole moments accurately and for 
characterizing the structure of 
some molecules. 

At the present time, there are no 
obvious industrial applications, but 
some may be uncovered by con- 
tinued research. Equipment is not 
commercially available. 

Electron Paramagnetic Reso- 
nance—In order for a material to 
react to this form of spectroscopy, 
it must contain unpaired electrons 
in the atomic electronic shells to 
give the atom strong paramag- 
netism. Then, if a solid, liquid or 
gaseous sample is exposed to micro- 
wave energy and simultaneously to 
a fairly strong magnetic field (a 
few thousand gauss), it will absorb 
energy. 

Much work with EPR has been 
done at a research level, mainly on 
solid-state physics studies in the 
communications industry but little 
in the process industries. However, 
instrumentation for industrial re- 
search use has just been marketed 
by two companies. This will give 
considerable impetus to industrial 

utilization of the techniques.” 

Classes of samples which are de- 
tectable by EPR include: vapors 
of alkali metals such as Li, Na, and 
K; rare earths; iron group metals, 
palladium, platinum and uranium 
groups; molecular oxygen, NO and 
NO.; and free radicals. 

Study of free radicals, which are 
detectable in concentrations as low 
as parts per billion in some cases, 
will open up some very important 


industrial applications such as the 
study of catalysts and radiation 
damage in polymers. Many chem- 
ical substances, notably polymers, 
are formed by free-radical mech- 
anisms. It is believed that the 
processes of life itself are accom- 
panied by generation and destruc- 
tion of free radicals. 

Equipment now available is de- 
signed for varied research use, 
hence is comparatively complex, 
However, discovery of product con- 
trol applications will be a powerful 
stimulus to the design of simplified 
special-purpose equipment. 

Nuclear Magnetic Resonance — 
The NMR technique was discovered 
about 10 years ago and research 
equipment has been available to in- 


dustry for the last 4-5 years. This . 
technique has grown more rapidly — 


than other types of radio-frequency 
spectroscopy, to the extent that 
simplified equipment suitable for 
control-laboratory use has just be- 
come available commercially.” 

NMR measurements are based on 
the fact that radio-frequency en- 
ergy is absorbed by about 100 iso- 
topes of the chemical elements 
when they are placed in a magnetic 
field. Only those elements can be 
detected whose nuclei have a mag- 
netic moment and an angular mo- 
ment. This includes H, F, Li and 
P, for example, but excludes the 
common isotopes of C, O, and S. 

In industrial control laboratories, 
NMR has already been applied with 
some success to product identifica- 
tion of petroleum and chemical ma- 
terials and to moisture determina- 
tion in solid food products. The 
technique is based on the non- 
destructive examination of the 
properties of the atomic nucleus 
itself, hence the name. It is not 
nucleonic, which implies the use of 
high-energy particles to disrupt or 
disturb the nucleus. 

In its usual form, the apparatus 
consists of an electronic detector 
and either an electro or permanent 
magnet in whose field the sample 
is placed.™ 

NMR absorption is exhibited by 
those nuclei, such as hydrogen nu- 
clei (protons), which have a mag- 
netic moment. Protons in any com- 
pound of hydrogen behave like 
small magnets spinning about an 
axis. When the compound is placed 
in a magnetic field, the protons 
precess at a very definite frequency. 

A good mechanical analogy is a 
simple gyroscope, which precesses 
at a definite speed in the earth’s 
gravitational field. There is a sim- 
ple relationship between the fre- 
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quency of precession F and the 
magnetic field strength H., where 
F = H.(2u/h). Here yp is the mag- 
netic moment of the spinning nu- 
cleus and h is Planck’s constant. 
For hydrogen in a field of 1,700 
gauss, the frequency is 7.25 mega- 
eycles; for phosphorus, it is 2.9 
megacycles/sec. 

The magnetic effect of the spin- 
ning nuclei is extremely small and 
resonance must be used to detect it. 
One feasible circuit is shown in 
Fig. 4. Here the sample tube is 
placed in the field of the magnet 
and is surrounded by a coil to 
which a current is applied by an 
RF generator. The coil is part of 
a highly tuned resonant circuit. 

When the magnetic field is slowly 
swept through the nuclear-reso- 
nance value, by adjusting the cur- 
rent passing through the magnet 
coils, energy absorption occurs. If 
energy absorption is_ recorded 
against magnetic field strength, the 
NMR spectrum is obtained. Area 
under the line is proportional to the 
quantity of the particular nucleus 
present. Overlapping of lines is no 
problem in NMR as the spectra of 
different nuclear species are very 
well separated. 

This branch of spectroscopy nor- 
mally is subdivided into “high” and 
“low” resolution techniques for 
convenience as well as for basic 
reasons. A low resolution appara- 
tus uses a magnet with a field 
homogeneity over the sample vol- 
ume of one part in 10° or 10°; high 
resolution requires homogeneity of 
one part in 10° to 10°. 

NMR, along with X-ray and nu- 
clear techniques, is one of the few 
basic methods applicable to analy- 
sis of solids. 

Low-resolution technique is well 
adapted to quantitative measure- 
ment. Currently, the outstanding 
application is to measure accurately 
the moisture content of solids, even 
when the solids contain hydrogen. 

Further development of low-reso- 
lution instrumentation and associ- 
ated sampling systems will make 
feasible the accurate control of 
moisture content, independent of 
particle size distribution and vari- 
able electric conductivity. Sample 
size may be up to 40 ml. in one 
apparatus. 

. In order to observe high-resolu- 
tion’ spectra, the necessary field 
homogeneity is obtained by using 
Specially designed magnets and 
small’(0.1 ml.) liquid samples. The 
ability to identify groups in com- 
plex molecules, Fig. 5, has made 
NMR a very useful tool for the 


CuemicaL ENGINEERING—June 1957 


analytical and structural chemist. 
The technique is highly selective 
and it is not difficult to foresee 
where the yield of a reaction might 
be monitored by observing sample 
spectra. 


X-ray Spectroscopy 

X-rays are absorbed by all chem- 
ical elements by an amount which 
increases roughly with their atomic 
number. The technique has been 
used successfully to monitor tetra- 
ethyl lead in gasoline and in similar 
situations where the total lack of 
selectivity of the technique is com- 
pensated by the great difference 
between atomic number of the ele- 
ment being determined and all 
others likely to be present. 

X-ray absorption analysis is rea- 
sonably sensitive and very rapid. 
It is most sensitive for heavy ele- 
ment analysis spectroscopy. 

X-ray fluorescence, by compari- 
son, is highly selective spectroscopy. 
An intense beam of X-ray is di- 
rected at the material to be ana- 
lyzed. Each atomic species in the 
sample fluoresces with induced sec- 
ondary radiation whose wave 
lengths are characteristic of the 
atom and whose intensity is di- 
rectly proportional to the amount 
present. 

X-ray spectra are simple, being 
composed of only a few sharp lines 
for each element—hence, the high 
selectivity of the technique, which 
today is applicable to elements 


from atomic number 19 (K) up- 
wards. 

Automatic recording  spectro- 
graphs have been available for lab- 


‘oratory use for the last few years. 


The fluorescent beam is analyzed 
by scanning with a crystal (diffrac- 
tion grating). Output from the 
X-ray detector is recorded auto- 
matically on a strip-chart recorder, 
Fig. 6. 

Multi-component analysis is fast 
and accurate. Sensitivity is such 
that 0.5% sulfur in oil can be meas- 
ured with an accuracy of +0.03%.” 

Latest addition to the battery 
of industrial X-ray equipment is a 
continuous analyzer designed for 
process use. The technique, origi- 
nally designed for control of tin 
coating thickness on continuous 
strip mills,“ now is applicable to 
continuously flowing solid or liquid 
samples. 

Principle is shown in Fig. 7 and 
equipment in Fig. 8. The recorder 
and control console may be located 
up to 300 ft. from the process unit. 

Within the spectrometer head 
are two curved-crystal monochrom- 
ator channels, each employing two 
Geiger counters and arugged X-ray 
tube. One monochromator is ad- 
justed to diffract only scattered 
radiation of a chosen wavelength 
into its detector. The other is ad- 
justed to a wavelength character- 
istic of the element being analyzed. 

The ratio of the two detected 
beams, which is independent of 
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Basie X-ray fluorescence spectrograph automatically charts output from detector unit. (Fig. 6) 
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Industrial model of a continuous X-ray fluorescence analyzer can be ap- 
plied to streams. (Applied Research Lab., Fig. 8) 


source strength, is continuously 
recorded and is related linearly to 
concentration. In solutions of heavy 
metals such as copper and vanad- 
ium, the lower limit of accurate 
detection generally is about 50 ppm. 
of solute. 

X-ray fluorescence spectroscopy 
in some respects is competitive 
with optical emission spectroscopy. 
It is not as sensitive for trace 
analysis. But the X-ray spectra are 
much simpler and the instrumental 
techniques are also simpler and 
probably prove easily adaptable to 
direct process use. 


Ultraviolet Spectroscopy 


In research and analytical lab- 
oratories, ultraviolet spectrometers 
are used quite extensively, but the 
numbers applied on-stream are a 
mere fraction of the number of 
infrared instruments now in use. 

Saturated hydrocarbons have no 
useful ultraviolet spectra. But un- 
saturated hydrocarbons especially 
in the aromatic category, halogens, 
and mercury vapor have very spe- 
ific types of spectra in the instru- 
nentally useful wave-length range 
up to about 1,500 A. 

Principle of a commercially avail- 
able non-dispersive process instru- 
nent is shown in Fig. 10. A some- 
what similar instrument developed 
by Du Pont uses a servo-driven 
cam to maintain a null-balance ab- 
sorption condition and a servo to 
perform a periodic standardization. 

The same sample passes through 
bo#- sample and compensating cell 
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which are different lengths. Thus, 
instrument response is largely in- 
dependent of cell-window fouling. 
Sensitivity of this instrument has 
led to use on plant vapor streams 
containing 0-0.1 ppm. chlorine, 0-1 
ppm. mercury vapor in air, 0-300 
ppm. benzene. 

These instruments are absorp- 
tiometers rather than true spec- 
trometers; but selectivity can be 
improved where necessary by the 
use of filters. 


Nucleonic Techniques 

Nucleonic techniques involving 
the bombardment of the sample 
with neutrons have been used for 
about the last 15 years in the oil- 
well surveying industry. A natural 
source of neutrons, such as Po-Be 
or Ra-Be is lowered down the well 
along with suitable gamma-ray de- 
tection equipment. 


Neutrons emitted by the source 


become moderated by colliding re- 
peatedly with atomic nuclei (pre- 
dominantly hydrogen) in the sur- 
rounding formation. By modera- 
tion, we mean that the neutrons 
are slowed down from initial en- 
ergy of 3-5 mev., to thermal en- 
ergies, 

The thermal neutrons may be 
captured temporarily, then ejected 
by a nucleus, leaving the nucleus 
in an excited state. The excited 
nuclei instantly return to the 
ground state with emission of a 
gamma-ray of energy characteris- 
tic of the nucleus. Thereby, the 


well surveyor can estimate the com- 
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Cobah neutron capture, gamma-ray spectrum. (Fig. 9) 


position of the formation and its 
fluids. 

Typical of this capture-gamma 
spectrum is one for cobalt, Fig. 9. 
Equipment for the study of these 
gamma-ray spectra is available for 
research-lab use. 

The gamma-ray spectra of the 
elements do not fall into a regular 
predictable series as do the X-ray 
spectra. But most comprise a few 
strong sharp lines in the range 
0.5-10 mev. Under suitable circum- 
stances, monitoring of the spec- 
trum could be the basis for highly 
selective process analysis, with the 
advantage that no _ detrimental 
residual radioactivity is likely to be 
induced in the process sample 
stream. A certain amount of de- 
velopmert work has been done 
along these lines. Some fruitful ap- 
plications to elemental analysis are 
certain to be discovered. 
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Non-dispersive ultraviolet analyzer. (Applied Physics Corp., Fig. 10) 
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Conventional pneumatic control-room panel indicates, records and controls process variables. (Fig. 1) 


Data Handling Systems 


T. R. Vick Roy, E. I. du Pont de Nemours & Co., Inc. 


Spread before your eyes in the 
illustrations above are two stages 
in the development of control rooms. 
On the left, you see the manifesta- 
tion of two major developments: 
the centralized control room and 
the graphic panel. On the right in 
the foreground, is one of the first 
installations of data logging equip- 
ment, in the world’s largest crude 
distillation unit. 

Magazines have set forth the ad- 
vantages offered by new data han- 
dling systems as seen by people 
interested in the manufacture of 
such equipment. From the stand- 
point of the user, application of 
these systems is in a very early 
stage. For that reason, we shall 
attempt here to look at the present 
state of equipment development and 
at the financial justification for its 
installation in process plants. 


Present Practice 


First, let us take a good look at 
present practices. Most of the in- 
struments used to measure process 
variables in a modern chemical plant 
operate pneumatically. A block dia- 
gram of a typical installation using 
flow measurement and control is 
shown on Fig. 38. 

Differential pressure across an 
orifice is measured by an instrument 
which transmits an air pressure 
signal to a controller and to a re- 
corder located in a central control 
room. The controller, in turn, sup- 
plies an air-pressure signal to a 
pneumatically operated control 
valve. Instrument manufacturers 
have standardized on 8-15 psi. range 
of transmitted air pressures for 
all equipment, corresponding to the 
zero and the full scale reading of 
the instrument, respectively. 


There are also several equivalent 
electronic process-control systems 
currently on the market. These are 
providing strong competition for 
pneumatic equipment and are taking 
an increasingly large share of the 
market. A typical system of this 
type is shown on Fig. 4. 

Again, the differential pressure 
across an orifice is measured by an 
instrument, which in this case 
transmits an electrical signal to 
the recorder and controller. The 
controller, in turn, transmits an 
electrical signal to a power relay 
to operate a pilot valve which con- 
trols the air pressure supplied to 
the pneumatic control valve. 

Considerable work is being done 
by manufacturers to develop inex- 
pensive self-contained electrohy- 
draulic valves to eliminate the need 
for compressed air distribution 
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systems. But pneumatic valves will 
probably be with us for several 
years. 

As yet, the manufacturers have 
not standardized on a _ standard 
transmitted signal comparable to 
the 8-15 psi. used in pneumatic 
equipment. As a result, one manu- 
facturer’s transmitter generally 
cannot be used with another’s re- 
corder. 

There appears to be a trend 
toward eventual standardization on 
a d.c. current system, 1 to 5 ma., 
d.c., corresponding to the zero and 
full-scale reading at the instrument 
respectively. This has been adopted 
tentatively by several manufac- 
turers. 

Because of the increasing com- 
plexity of chemical plants and their 
control systems, graphic panels like 
those shown in the photograph are 
used to assist the operator. In a 
large plant, several operators are 
required around the clock to patrol 
the panels, noting abnormal opera- 
tions, and taking corrective actions. 

Important data are recorded 
continuously on round chart or 
strip chart instruments. In addition, 
the operator periodically records 
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the readings of all instruments on 
a log sheet as an operating record. 

Data from the log sheet, such as 
flow of material into and out of the 
plant, electric power consumption, 
steam consumption, etc., are later 
transmitted to the cost accountants. 
Other data are used by supervisory 
and technical personnel to compute 
yields, check efficiency of operation, 
and study methods for improving 
operation. 


Data-Handling Systems 


Much of the routine work of the 
operator in scanning various in- 


struments on the panel and logging H 


their readings can be done for him 
by automatic data-handling equip- 
ment. A block diagram of a data 
handling unit is shown on Fig. 5. 

Process variables are measured 
by transmitting instruments, ther- 
mocouples, pH meters and contin- 
uous process stream analyzers. 
Transducers are required to con- 
vert some of the transmitted 3-15 
psi. signals in this example, into 
suitable electrical signals which 
‘tthe data handling equipment can 
accept. 

Some type of scanning switch is 


required for the sequential selec- 
tion of the points to be measured. 
The input signal selected by the 
scanner is transmitted to the part 
of the circuit which measures the 
variable. 

The measurement is coupled to 
an analog-to-digital converter which 
changes the measured analog sig- 
nal to a binary coded digital signal. 
Finally, a translator of some sort 
may be required to provide the 
proper combination of open and 
closed circuits to operate the keys 


_ of an electric typewriter which is 


generally used for a logging device. 

In addition to these essentials, 
the data handling system for a 
chemical plant may contain a num- 
ber of other devices, as shown by 
dotted lines. Included are alarms, 
instruments to monitor trends of 
important variables, special pro- 
gramming, other record storage 
devices such as IBM cards, tape 
punches, and a simple computer, 
which could be in either the analog 
or digital portion. 


Cost of Data Loggers 
Next, let us examine the cost 
aspect of the problem. Automatic 
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data handling equipment is expen- Justi 


! sive. The cost of such equipment M. 
depends, of course, on what it is “Wh 
' Centrat expected to do. However, the pur- logg 
" control room = chase price of even the simplest addi 
1 automatic data-logging equipment this 
I is considerably higher currently just: 
than that of conventional chart re- are 
I Ate station corders now being used in process be b 
industry. whic 
; Purchase costs are compared in addi 
| Table I (p. 278). Price informa- valu 
tion on the data logger is based on D 
oe a competitive bids from approximately atin 
ag ' 10 companies for a system which som 
Controller is to accept approximately 200 input sav 
signals from a variety of sources this 
as such as 3-15 psi. transmitters and be h 
thermocouples. A 
T O The equipment must scan the ly 
ee variables at the rate of 5 points per ope: 
oe sec., print out point numbers and thei 
¥ readings of off-normal points, log ing 
all points approximately twice an in | 
hour, and also provide digital trend rect 
recording of any 16 points which ma} 
Diff the operator wishes to monitor. No I 
pressure computing functions are involved, roo 
O | transmitter other than integration of approxi- size 
Air —> mately 10 flows. app 
As the table indicates, use of an be 
automatic data logger is expensive vol 
if it is used merely as a means of var 
providing a record and actuating ter 
alarms. I 
a Typical pneumatic flow control system. (Fig. 3) 
i 
Central controller 
60~ 
Sv. Rec. 
A 
1 118v. 
| Auto- 
60~ manual 
j 
20 psi. air d.c. 
eupply > 
3-15 psi. 
A 
Control vaive pressure 
transmitter 
1S5v.60~ O | 0-0.5v. 
an 
power 60~ a.c. 
Electronic flow control with pneumatic control valve. (Fig. 4) Automatic data logging system re- Pi 


cords pressures, temperatures and 


XUM 


tii 
a le 
tl 
‘ 


XUM 


Justification 

Management naturally asks, 
“What are the advantages of a data- 
logging system which justify the 
additional expenditure to record 
this information?” A number of 
justifications exist, some of which 
are outlined in Table II. They may 
be broken down into direct savings, 
which can be firmly estimated, and 
additional advantages of intangible 
value. 

Direct Savings—Reduced oper- 
ating manpower for a new plant is 
sometimes cited as a large potential 
saving. Actually, the saving from 
this source is not as great as might 
be hoped. 

A modern chemical plant is large- 
ly automatically controlled. The 
operators spend relatively little of 
their time logging instrument read- 
ings. Much of their time is spent 


in patroling the plant and in cor-. 


recting plant operating upsets that 
may occur. 

In many cases, central control- 
room crews are already so small in 
size that further reductions do not 
appear feasible. The process must 
be relatively large and complex, in- 
volving about 300 to 400 logged 
variables for the data-handling sys- 
tem to relieve one operator. 

Part of the cost of a data-logging 


levels on catalytic reforming pilot plant of The Standard Oil Co. (Ohio). Logger (left) can handle inputs from 
three pilot plants, feed data to three typewriters such as one in cabinet (right). (Fig. 6, Fischer & Porter). 


Pneumatic Process Thermocouples 
transmitting streom 
instruments onalyzers 
3-15 psi. 
Pneumatic 
to electric 
Sconner 
af teh 
Measuring 
system 
Block diagram of a data handling unit. (Fig. 5) 
Analog to Anol 
digital 
alarms 
be Translator 
| 
1 Tape Card Logging Digital 
punch | punch | typewriter computer | 
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system may be offset by a reduction 
in the instruments and annunciators 
required on the graphic panel. The 
information on the log sheet is 
adequate and need not be duplicated 
by separate instruments on the 
panel. This saving tends to snow- 
ball, since the total panel size and 
the over-all dimensions of the con- 
trol room may also be reduced. 

However, the data-logging system 
must be highly reliable to take ad- 
vantage of this saving. Failure of 
one or two conventional instruments 
seldom causes more than an incon- 
venience, but failure of the logging 
system may force a plant shutdown 
if no duplicate instruments are pro- 
vided for essential data. 

Assuming complete reliability, 
the over-all saving from elimination 
of conventional instrumentation is 
in the range of 20 to 50% of the 
cost of the data-logging system. 
Only about one-fourth of this saving 
is attainable with present reli- 
ability. (The problem of reliability 
is discussed in more detail below). 

Cost-accounting data may be ob- 
tained automatically in the form 
of cards or tape suitable for direct 
use in business machines. By this 
means, the cost of taking data from 
an operator’s log sheet, transmitting 
it to the Accounting Department, 
and putting the data onto cards is 
eliminated. 

Routine calculations which norm- 
ally occupy the time of technical or 
clerical personnel can be made by 
machine methods, if the desired 
data are also recorded on punched 
cards or tape. 

Intangible Advantages—Human 


Table Il—Justification for Automatic Data Logging 


Table I— 

Cost Comparison 

A. Direct Savings 

Purchase Price 1, Reduced manpower. 

per 

Recorded Po'nt 2. Reduced investment in con- 
ventional panel instruments, 
is Automatic process $300 to $600 panel space, control room. 
data logger 

3. Cost accounting obtained auto- 
oy "Multipoint recording $100 to $200 matically in form suitable 
potentiometer for business machines. 

" i Miniature electronic $150 to $250 4. Makes automatic calculations. 

~ Pneumatic recorder $100 to $250 1, Human errors eliminated. 


errors in logging data are elimi- 
nated. Under routine conditions, 
even the most sincere and careful 
operator will make errors in logging 
instrument readings. The possibility 
of purposely “fudged” readings is 
about eliminated. 

The operator, freed from the dull 
and monotonous routine of logging 
data, is better able to watch process 
conditions and to handle abnormal 
conditions quickly. 

Reliable records are maintained 
even during emergency periods 
when the operator is diverted from 
logging. Data obtained during the 
emergency condition may be of 
great value in ascertaining the cause 
and preventing future recurrences. 

Since the automatic logger re- 
cords data much more rapidly than 
the operator, all variables can be 
recorded in 1 or 2 min. Compare 
this with 20 min. to an hour for 
the operator to accomplish the same 
job. Since all the variables are log- 
ged at about the same point in time, 
the data are of much greater sig- 
nificance in technical studies. 

All the variables in the process 
can be logged at frequent intervals 
providing more detailed data for 
technical studies than could be ob- 
tained by manual logging methods. 


Future Prospects 
By tying the data-logging system 


directly into a computer for book- ’ 


keeping and technical computations, 
additional justifications appear. 
Having data quickly available for 
management decisions, can have 
considerable value. Automatic hand- 
ling of business information by 


£. 


2. Operator freed from routine, 
better able to handle oper- 
ating problems. 


3. Records maintained during 
emergency when operator 
diverted from logging. 


4. All variables logged at about 
same point in time. 


5. Variables logged at shorter 
intervals providing more de- 
tailed data for technical 
studies. 


means of punched card equipment 
has been common for many years. 
Linking such equipment at widely 
separated sales offices, plants, and 
executive offices by teletype wires 
is a more recent innovation. 

Such methods permit rapid hand- 
ling of customer orders at less 
clerical cost. Inventory, production 
rate, and cost information could 
also be fed automatically into the 
system from the plant data loggers. 

Thus more complete and better 
digested data can be made available 
to management more quickly. De- 
cisions on such matters as what 
production to schedule in view of 
sales and inventories can be made’ 
with more facts and with less 
reliance on sales forecasts, expe- 
rience, and intuition. : 

Continuous calculations of process 
data can provide operating guides 
which are considerably more val- 


‘uable than the raw data. For ex- 


ample, if yield data were available 
to the operator immediately, the 
combination of circumstances which 
caused a low yield might be rec- 
ognized and corrected at once. 

At present, computations of 
yields, power efficiency, steam effi- 
ciency, etc., are made hours or in 
some cases, days after the data are 
taken. Such calculations may in- 
dicate what happened and what 
corrective action should have been 
taken, but this is closing the barn 
door after the horse is gone. In- 
creased chemical reaction yields 
alone might justify the entire cost 
of the data-handling system in some 
processes. 

Simple computations involving 
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addition, subtraction, multiplica- 
tion or division by a constant, and 
square-root extraction are available 
jn data-logging equipment now in 
manufacture. 

The computations usually are 
made in the analog portion of the 
system, using standard analog 
computer components and tech- 
niques. This method of computa- 
tion appears the most economical 
for the usual chemical plant instal- 
lation involving 100 to 500 scanned 
yariables, 5 to 15% of which are 
used in computations. 

The largest practical problem is 
accuracy of the measuring instru- 
ments. The process industries are 
accustomed to using instruments 
with errors in the order of + 1% 
of full-scale range. When signals 
from several of these instruments 
are used in automatic computation, 
the resulting cumulative error can 


easily be in the order of + 5% of 


the computed value. 

The portion of this error caused 
by the computer is usually minor. 
Even with the best process instru- 
ments available today, with care- 
fully engineered installations, and 
with good maintenance, it is difficult 
to get computed results of accuracy 
useful to the operator. 

The addition of data-logging 
equipment is only one more step in 
the continued effort to bring nec- 
essary information immediately to 
the fingertips of the plant operator 
and to management. A composite 
of the ideas of several people por- 
trays what the control room of the 
future might look like, Fig. 7. Some 
of the features are: 

1. Recorders showing inventory, 
production, and yield data. 

2. Trend recorders by which 
the operator may dial any measured 
variable in the plant and have the 
history of that point for the last 
four hours displayed graphically on 
the panel. 

8. A scanner which indicates on 
a cathode-ray tube deviation from 
normal for a large number of vari- 
ables. 

4. A compact alarm-indicator 
panel consisting of a color tele- 
vision tube on which normal points 
are indicated in green and abnormal 
points in red. 

5. A wired television system to 
enable the operator to view different 
locations in the plant, being 
scanned by cameras. 

6. A miniature graphic panel 
with small switches which the op- 
erator may use to obtain a reading 
of any process variable on a digital 
indicator. 
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7. Digital indicator. 

8. An automatic data logger. 

9. & 10. A computer. 

11. Computer programming 
boards. 

12. A camera to record graphic 
records of future interest. 


Reliability 

The major problem in the ap- 
plication of data-handling equip- 
ment to chemical plants is reliability. 
Equipment must operate 24 hours 
a day, 7 days a week. It must not 
be necessary to shut down the en- 
tire plant merely because repairs 
are required in the data-handling 
equipment. This means that a few 
days of downtime for maintenance 
might be possible about once every 
six months when a plant is shut 
down for process reasons. 

Design of equipment, therefore, 
demands components of high reli- 
ability. Unitized construction with 
replaceable plug-in components is 
highly desirable. 

Equipment must be built with 
self-checking features, such as 
dummy points which are checked 
during each scanning cycle to assure 
that all circuits are functioning 
normally. In addition, considerable 
design thought should be given to 
quick test procedures and to pro- 
vision of special test points which 
can readily be used for isolating 
troubles. 

In summary, the potentialities of 


automatic data-handling systems 
are having considerable impact on 
design of new plants and moderniza- 
tion of old plants. Most companies 
have foward-looking management 
which realize its potentialities. 
Most of them have purchased their 
first system. But they have little 
or no operating experience, except 
that obtained from use of scanning 
monitors to measure a large num- 
bér of similar temperatures, pres- 
sures, or flows. 

The available automatic equip- 
ment is in a relatively early stage 
of development so that its reli- 
ability is still questionable. In 
present thinking, data-handling 
equipment is being installed ex- 
perimentally. Standard graphic- 
panel instruments are being installed 
in parallel with the data-handling 
equipment so that plant operation 
will not be interrupted by mal- 
functioning of the data-handling 
system. 

After reliability is proven, ec- 
onomies can be made in future in- 
stallations by eliminating much of 
the duplicate equipment. Users 
hope also that costs of such equip- 
ment will be reduced when the 
volume of manufacture increases 
and design standardization exists. 
The use of “on-line” computation 
is developing slowly, its progress 
held back by the limited availabil- 
ity of more-accurate measuring 
instruments. 


wr ie of the future, based on ideas of several people, may look like this. 
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Chemica: engineers know how 
both analog and digital computers 
are used in process plants for engi- 
neering computations, simulation, 
operations research, scheduling, ac- 
counting and other “off-line” ac- 
tivities. But, so far, we’ve seen 
only the early staves of computers 
incorporated in real-time or “on- 
line” process-control loops. 

To state definitely how we'll 
achieve computer control of a con- 
tinuous chemical process is impos- 
sible at present. While experience 
gained in aircraft and missile work 
may indicate possible techniques, 
it cannot determine applicability 
of computers to process control 
owing to ever-present economic 
factors which are vital to indus- 
trial operations. 

Although we can only guess 
about the future, there is little 
doubt that integration of com- 
puters in process control will be a 
gradual development. Most likely, 
it will progress as follows: 

1. Use of digital data loggers. 

2. “On-line” calculation of oper- 
ating guides. 

3. Computer supervision of proc- 
esses, 

4. Dynamic control of processes 
with computers. 


Use of Digital Data Loggers 


Data loggers which produce 
process data in digital form are 
being used today in a variety of 
process plants. Despite their ad- 
vantages, experience has shown 
that data loggers generally cannot 
be completely justified on an eco- 
nomic basis in a process plant. 

In Fig. 1, you see how informa- 
tion flows in a process that utilizes 
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a graphic control panel system and 
a data logger. The process is con- 
trolled dynamically by the analog 
control loops running between the 
process and the control instru- 
ments. A secondary supervisory 
loop handles information from the 
instruments and data logger which 
the operator uses to change con- 
troller set points. 

Both of these loops involve real- 
time operation with respect to the 
process. The operator bases his 
control decisions on the primary 
process variables such as tempera- 
tures, pressures, flows, levels and 
composition. Relying on past ex- 
perience, he sets these variables to 
obtain a specified product at a fixed 
production rate. 

On a long-term basis, accounting 
supervision of process operation 
provides data to define controller 
settings for minimum operating 
cost. Among the factors that ac- 
counting must consider are pro- 
duction scheduling, and secondary 
process characteristics or “oper- 
ating guides” such as yields, effi- 
ciencies, heat and material bal- 
ances, production rates and catalyst 
consumption. 

Long-term supervision is not a 
real-time control. You cannot meas- 
ure secondary operating guides di- 
rectly by instrumentation. They 
must be calculated in an “off-line” 
computing center by combining 
many primary measurements. 

In the off-line computing center, 
calculations generally are based on 
data which the logger averages 
over a 24-hr. period. Such aver- 
aging completely obscures how 

efficiency, production rates, yields 
and other secondary characteris- 


tics may vary from hour to hour, 

Also, results are not available to 
the operator until 24 hr. or more 
after the conditions existed. This 
makes the data relatively useless 
for control purposes. 

In at least two refineries, operat- 
ing guides calculated off the line 
have been used by process engi- 
neers to second-guess the opera- 
tors, who based their decisions on 
primary measurement data only, 
These experiments have shown that 
control decisions based on calcu- 
lated operating guides could im- 
prove process performance. 

Present developments point to- 
ward providing the operator with 
real-time operating guides for use 
in controlling the process, This 
will require that the data logger 
contain a mechanism to solve op- 
erating-guide equations. Progress 
in this direction will be the initial 
area for integrating computers 
into the process control loop. 


On-Line Calculation of Guides 


In Fig. 2, you see how infor- 
mation flows where an on-line dig- 
ital computer calculates operating 
guides in real time for use by the 
operator. 

Now, the operating guides are 
printed out at the same time that 
the digital values are logged for 
the primary variables. Production 
schedules are still fed back from 
off the line. But the operator can 
obtain complete data at all times 
on yields, efficiencies, material bal- 
ances and other secondary char- 
acteristics of the process. 

Inputs to the computer are dig- 
itized values of process variables 
produced by the data-scanning 
equipment which constitutes the 
basic logger system. 

Although Fig. 2 is based on 
using a digital computer, either 
analog or digital techniques or 
combinations of both can be used. 
The calculating may be done by a 
computer or by computer elements 
in various portions of the logger. 

Where a limited number of sim- 
ple calculations is required, analog 
computing is preferred. As the 
calculations increase and become 
more complex, the digital computer 
becomes the more economical 
choice. That’s because the digital 
computer is so fast that its services 
can be time-shared among the vari- 
ous inputs. A large number of 
complex calculations can thereby 
be performed without adding extra 
equipment. 

The on-line computer supplies 
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information not available previ- 
ously to the operator. With this 
information, he can adjust process 
conditions to reduce costs and in- 
crease profits whenever the process 
is not operating at consistently op- 
timum conditions. 

In this way, the on-line com- 
puter changes the status of data 
logging equipment from a fringe 
contributor to that of a direct 
source of process savings. This is 
especially true in continuous proc- 
esses with large throughputs where 
a small but consistent rise in yield 
or quality can represent a large 
dollar saving. 

There are many processes today 
which should benefit from this type 
of computing installation by being 
able to maintain consistently op- 
timum conditions. Among these 
are processes which operate with 
fluctuations in secondary charac- 


teristics caused by small upsets;- 


and processes with time-variant 
characteristics caused by factors 
such as fouling of heat exchanger 
tubes and deterioration of cata- 
lyst. 

This year has already disclosed 
at least one installation—in the 
Belot refinery of Esso Standard 
Oil S. A., at Havana—where use 
of real-time secondary operating 
guides in catalytic cracking will be 
studied to determine improvement 
of operation.’ In this installation, 
some 11 operating guides will be 
calculated every hour by an analog 
computer incorporated in a digital 
data logger. 

The importance of this experi- 
mental installation will be to dem- 
onstrate the feasibility of this type 
of equipment. For example, it may 
not be possible to utilize the com- 
puter to full advantage now due 
to the inaccuracies -inherent in 
many existing primary measuring 
devices. These inaccuracies will 
tend to obscure true variations in 
the computed data, unless the vari- 
ations are significantly larger than 
the errors. 

Also, it is quite probable that the 
computed data will not be used 
fully until the operator is more 
familiar with the secondary vari- 
ables and their relation to the 
process. Most process engineers 
also lack knowledge in this area. 
Therefore, it is likely that full 
utilization of on-line computers 
will be preceded by a transition 
period during which experience will 
be gained in use of computed data. 

Although the on-line computer is 
in the supervisory control loop, it 
does not control directly any part 
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of the process. Rather, the opera- 
tor examines the calculated data 
and then uses his judgment to reset 
the control instruments to better 
values. The ability of the operator 
to utilize the computed data dis- 
creetly is vital in applying this 
type of equipment to process op- 
erations today. 

There are several reasons for 
this. First of ali, despite advances 
in the art, computers do not at 
present possess the high degree of 
reliability required for continuous 
process installations operating 24 
hr. a day for months on end. 

Since the operator is interposed 
between the computer and the proc- 
ess, failure of a computer does not 
cause process shutdown. Should the 
computer fail, the process can keep 
operating with conditions con- 
trolled to the last optimum set- 
tings, rather than by fixed empir- 
ical settings. 

Computer manufacturers con- 
stantly strive to increase equip- 
ment reliability. At present, how- 
ever, the human element would still 
be needed even if computers were 
100% reliable. 


Process Supervision by Computer 


Why does the human element 
have to be utilized? Can we not go 
directly from the computer to the 
control points of the instruments 
so that the computer can automat- 
ically supervise the process? 

From the standpoint of hard- 
ware, we certainly can. Relatively 
minor developments could produce 
devices to link the computer to the 
contro] instrument set points. 

The major drawback is that the 
exact relationships of primary 
variables to secondary process char- 
acteristics are understood clearly 
for very few processes today. 

An installation in which the 


computer is linked directly to the 


control instruments to maintain 
optimum conditions automatically 
is shown in Fig. 3. 

The computer receives signals 
from the process in the same fash- 
ion depicted in Fig. 2. However, 
primary output from the computer 
now resets the control instruments 
on the panel to maintain optimum 
process conditions. 

What dictates how to vary the 
contro] point settings of the in- 
struments? In Fig. 2, changes 
were made by the operator. In 
Fig. 3, the discretionary powers 
of the operator no longer are avail- 
able. Instead, he now functions as 
the connecting link between the 
real-time operation and the off-line 


operation. Also, he is available for 
manual control, when required. 

It is up to the computer to op- 
erate in a predetermined manner, 
resetting the controllers to main- 
tain optimum conditions. Since a 
computer can operate only in ac- 
cordance with its set program, the 
relationships between the primary 
variables and the secondary process 
characteristics must be well estab- 
lished. Only then can the com- 
puter be programmed to modify the 
primary variables for optimum op- 
eration despite changes in condi- 
tions. 

Use of on-line logger-computers, 
illustrated in Fig. 2, will assist 
greatly in providing data needed to 
determine process _ relationships. 
Lack of knowledge, which is a 
strong deterrent to computer su- 
pervisory control today, will be 
overcome gradually with such as- 
sistance. 

There are other factors also 
which must be considered. In many 
cases, for example, difficulties arise 
because process time constants are 
large; a lag of several hours is not 
unusual. Automatic optimization 
becomes a difficult control problem 
if unstable operation is to be 
avoided. At present, human judg- 
ment exercised in the control loop 
permits us to optimize gradually 
without the problems inherent in 
the closed-loop system. 

In addition, automatic optimiz- 
ation will require fast, accurate 
analytical measurements to provide 
continuous data on endpoint con- 
ditions. These measurements can 
be obtained only through wider 
availability and application of on- 
stream analyzers. 

Primary measuring devices, par- 
ticularly flowmeters, must become 
more accurate so that the computer 
can evaluate process behavior un- 
der small changes in conditions. 

There are several approaches 
which hold promise for future ap- 
plication of process supervision by 
computers. 

The first approach uses the com- 
puter as an equation solver. From 
the measured primary variables, 
the computer calculates the sec- 
ondary characteristics or other con- 
trol criteria. Then, it relates these 
factors in accordance with fixed 
mathematical expressions to deter- 
mine the corrections for the con- 
troller settings. Primarily, this 
type of calculation solves sets of 
simultaneous equations which ex- 
press the process relationships. 

Either an analog or a digital 
computer could be utilized to mech- 
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anize such an approach. Since the 
process is controlled dynamically 
by the instruments, the optimiz- 
ation routine of the computer re- 
mains in the secondary supervisory 
control loop and places no heavy 
time burden on the computer opera- 
tion. This permits time-sharing 
(use in sequence on several op- 
erations) without need for high- 
speed computing. 

The digital computer can time- 
share almost all its components 
among the various channels. For 
that reason, where there are many 
variables, the digital computer 
possesses an economic advantage. 

When the computer is used as 
an equation solver, the relation- 
ships of the process must be es- 
tablished clearly. Therefore, before 
the technique can be applied, the 
process must be studied with care. 

In one process involving batch 
hydrogenation, 25 graduate stu- 
dents at Case Institute of Tech- 
nology devoted about 2 yr. of ex- 
perimental study to determining 

- system characteristics and relation- 

ships.’ Then, with an analog com- 
puter optimizing on real-time, they 
reduced batch time 33% and cut 
composition variation between 
batches from 2% to 4+%. 

Another approach to optimiz- 
ation utilizes the computer as an 
automatic and efficient experi- 
menter. (See p. 284—Ed.) The 
computer receives primary meas- 
urements, calculates secondary 
characteristics, changes one or 
more primary variables to deter- 


Process and 
control signals 


mine how the changes affect 
secondary characteristics and con- 
tinues this procedure until op- 
timum conditions are attained. 

Where more than two variables 
are involved in this procedure of 
“bumping” the process, choice of 
the computer is restricted almost 
completely to the digital type. 
That’s because the experimental 
procedures become complex, and 
must be varied according to the 
previous results. Then too, this 
type time-shares its components. 

However, as we mentioned pre- 
viously, the time constants of many 
processes are measured in hours. 
This seriously impairs the bumping 
technique since the results of a 
single perturbation may not be felt 
for several hours. 

To circumvent this difficulty, it 
may be necessary to include a 
simulation of the process in the 
supervisory control loop. Through 
this method, steady-state relation- 
ships of the process can be dupli- 
cated without the process lags. 

Then, the computer would ex- 
periment with the process simula- 
tion to determine what are the best 
adjustments to make on the process, 
Periodically, the optimum set point 
changes would be transferred auto- 
matically to the process controllers. 
Before repeating the cycle, steady- 
state conditions of the simulator 
would be corrected to correspond to 
the actual process conditions. 


Dynamic Control With Computers 
A process may be controlled 


Process signals 


dynamically by the control instry- 
ments which monitor each channel, 
as shown in Fig. 3. The computer 
merely supervises these _instru- 
ments just as the operator does to- 
day. 


sider the possibility of eliminating 
the individual controllers and in- 
corporating the dynamic contro] in 
a digital computer to be time- 
shared among all the control loops, 
Such a system is shown schemati- 
cally in Fig. 4. 

This means that a single digital] 
computer, operating on only one 
process variable at a time, can per- 
form completely different control 
operations on each channel and yet 
utilize the same computing el- 
ements. Hence, use of a digital 
computer as a dynamic process con- 
troller can be justified economically 
by its ability to be time-shared, 
with related benefits in reduced 
instrumentation costs and control 
room size. 

There are applications for this 
type of computer control today in 
areas outside the process indus- 
tries. They are found where the 
control problem is so complex as to 
require a digital computer, and 
where control flexibility, accuracy 
and reduced size are primary con- 
siderations, rather than economic 
justification. 

As shown in Fig. 4, the com- 
puter is in the primary control 
loop. It receives the measurements 
of process variables and positions 
the valves and other final control 
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elements directly. Proper hard- 
ware for linking the computer to 
the process is not yet available, but 
developments can be expected in 
this area. 

One type of device that will be 
required for this linking is the 
digital transducer which can con- 
vert process variables accurately to 
digital values for input to the 
computer. Another needed class 
includes digital control elements, 
such as valve operators, which will 
control in accordance with the 
digital output of the computer. 
And, as in supervisory control with 
a computer, a need will exist for 
suitable on-stream analyzers. 

Since the computer will operate 
on one control loop at a time, its 
speed in covering all the control 
loops will be important. One pos- 
sible approach is for the computer 
to operate at speeds high enough 
so that each channel will be sampled - 
and controlled at extremely short 
intervals, perhaps several times a 
second. 

This procedure approximates 
continuous control on each channel 
because the time constants of most 
control loops are slow compared 
to the high operating speeds of 
digital computers. The digital com- 
puter then would solve essentially 
the same equations representing 
proportional, reset and derivative 
(rate) control modes as do the 
conventional instruments today. 

It is possible to attain a great 
deal of control flexibility with the 
digital computer, even though the 
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unit is solving basic instrument- 
control equations. For example, 
measurements of different process 
variables can be combined to de- 
termine the required control action. 

To control a process with a 
large dead-time, it is customary to- 
day to incorporate proportional, 
reset and rate action, based on the 
deviation of the controlled variable. 
Rate action compensates for the 
deadtime by over-correcting, ac- 
cording to the rate of change of 
the controlled variable. 

With the digital computer, the 
controlled variable deviation would 
still be the basis for proportional 
and reset action. But the rate 
action could be based upon another 
measured variable which changes 
before the effect is felt at the 
controlled variable. Thus, the con- 
troller would truly anticipate a 
change rather than to rely on rate 
action which approximates the 
anticipatory correction. 

Obviously, as the number of 
variables to be controlled increases, 
computer speed must be increased 
if the unit is to approximate con- 
tinuous contro] on each channel. 
This increases the cost and com- 
plexity of the computer so that its 
use becomes more difficult to justify 
economically. As a result, efforts 
must be made to reduce the re- 
quired computer speed, without 
sacrificing the quality of control. 

If the computer is used to solve 
the normal equation for propor- 
tional control, the same width of 
proportional band can be used as 
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in a conventional instrument. But, 
for practical purposes, the samp- 
ling rate on that channel must ap- 
proach continuous control. 

If the computer’s sampling rate 
is reduced so that changes in con- 
trol action are in fact intermittent, 
it will be necessary to use a wider 
proportional band to achieve sta- 
bility. Widening the band results 
in slower recovery time and, there- 
fore, degradation of control. 

In the case where the computer 
samples slowly, new modes of con- 
trol based on intermittent sampling 
rather than continuous measure- 
ment will have to be used. For 
example, a possible solution to the 
need for a wider proportional band 
is to program a non-linear propor- 
tional action. This would produce 
a wide band or gradual correction 
near the control point, and a nar- 
row band or large correction when 
the deviation from the control point 
increases. This would be done 
easily with a digital computer. 

To determine the required type 
of control action, the dynamic char- 
acteristics of the process must be 
established. In the past, this has 
called for disturbing the process 
deliberately in order to study these 
characteristics. But such disturb- 
ances generally are prohibited in a 
process plant. 

Now, however, techniques are 
being developed which permit the 
engineer to determine dynamic re- 
sponses of processes with either 
extremely slight process fluctua- 
tions or without any externally in- 


To control elements 
To process signals 


Manual control panels 


changes 


Off-line operation 


To management 


Fig.4 


stru- 
nnel, 
uter 
stru- 
S 
con. 
ting 
in- 
in 
ime- 
ops. 
: 
one i 
er- 
‘rol 
yet 
el 
ital 
on- 
lly 
ed, 
ed 
rol 
lis 
in 
he 
to 
id 
cy 
n- 
ic 
Scheduling 
Fig.3 To management 


troduced disturbances. One notable 
technique in this category is the 
cross- and auto-correlation study. 
By mathematically analyzing ran- 
dom variations which normally are 
present in a process, this technique 
makes it possible to define the 
dynamic characteristics of process 
loops without disturbing the proc- 
ess." 

Much work is being done in the 
areas of sampled data systems and 
determination of system character- 
istics. It appears that a practical 
compromise may be possible in 
many cases to produce improved 
dynamic control with a digital com- 
puter without need for extremely 
high speed. 

It has even been suggested that 
in the future, auto- and cross-cor- 
relation might possibly be used by 
the computer-controller to redeter- 
mine continuously the system char- 
acteristics. Then, computer control 
functions could be adjusted to con- 
form to changes in plant dynamic 
responses caused by time-varying 
factors or system non-linearities.‘ 
When are we likely to see digital 


Many people have been giving 
thought in the last few years to the 
technical and economic possibilities 
of an advance in automatic control 
technique which is generally called 
“computer control.” In the process 
control field not much has actually 
been done in this direction but the 
usual approach is to envision a 
process embracing several auto- 
matically controlled variables, to- 
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computers utilized for dynamic 
control of a continuous process? 

Dynamic control requires that 
the computer operate in the pri- 
mary control loop. Computer fail- 
ure means process shutdown. As a 
result, the reliability of the com- 
puter must be as good or better 
than the reliability of major 
process equipment. 

Certainly, until such reliability 
is available without increasing 
computer cost excessively, we can- 
not expect general use of com- 
puters for dynamic process control. 
Despite advances being made today, 
it is doubtful whether the neces- 
sary reliability will be available for 
several years. 

Since optimization will also be 
part of the control computer’s job, 
use of the computer for dynamic 
control cannot be expected to pre- 
cede the general use of computer 
optimization. Add to these factors 
the need for accurate digital pri- 
mary measuring devices and con- 
trol elements, and more on-line 
analyzers. The total requirement 
indicates that dynamic computer 


control in the process industries ip 
general is approximately ten years 
in the future. 

A still later step in utilizing 
computers could involve over-all 
supervision of plant or company 
operations by a central digital com- 
puter. This, in turn, could contro] 
smaller computers operating in 
various plant areas—the widely 
discussed automatic-factory con- 
cept. 

Whether or not this concept is 
valid for a chemical process plant 
is open to some question at present. 
In any case, we can be sure that a 
long evolutionary development wil] 
be required before any such con- 
cept can be considered practical. 
However, we appear to be at the 
beginning of this evolution today. 
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Control by 


Automatic 


In correlating his various controllers 
the plant operator experiments with 
various settings. It is possible to 
develop computer-controllers which 
operate similarly, though faster and 
more accurately, to — control. 


Experimentation 


gether with other uncontrolled 
variables which tend to upset the 
process. The several automatic con- 
trollers would be correlated and au- 
tomatically reset from time to time 
in the “best” way by a computer 
programmed with the equations of 
the process. 

Thus, the computer would do, 
but do better, what the operator 
now does—change the set-points of 


Robert Hooke 
Westinghouse Electric Corp. 


the controllers to bring the process 
back when “drift” had occurred 
due to shifts in the uncontrolled 
variables. This the operator does 
without actually knowing the equa- 
tions and parameters of the proc- 
ess, by using his experience and 
his intuition, coupled with a cer- 
tain amount of experiment. 
Generally the most difficult fea- 
ture of this conventional computer 
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Automex controller, operated by Author Hooke, was demonstrated by simulating 


a mountain climbing problem, using a contour map on the plotting board. 


approach is to discover the - proc- 
ess’ equations and parameters. 
Ordinarily they are not known and 
are extremely difficult to uncover 
except in simple processes. On this 
account, several investigators have 
independently adopted another ap- 
proach which stems from the meth- 
ods of the human operator—to ex- 
periment automatically with the 
settings of the various controllers 
and to continue resetting in ap- 
proximately the best direction until 
an optimum result is achieved. 

The author’s approach, which 
has resulted in the Westinghouse 
“Automex” controller, provides an 
automatic experimenter which is 
expected to be able to solve control 
problems in several broad cate- 
gories. This controller is not on 
the market as a ready-to-use in- 
strument, since we feel that only 
very simple processes can be han- 
dled by a general-purpose logic. 
Even these might require indi- 
vidual planning. 

In its present stage of develop- 
ment the “Automex” solves a fairly 
general problem of automatic con- 
trol which involves the optimizing 
of the output wu in the expression: 

u = f(21,22, , (1) 
Here the x’s represent controlled 
input variables, while z represents 
a collection of variables which, for 
one reason or another, are uncon- 
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trolled. In the special case where 
there are two controlled input vari- 
ables, x and y, the equation can be 
written: 

u = f(x,y; 2) (2) 
This might be pictured graphically 
as a surface in three dimensions, 
as in Fig. 1, or as its equivalent in 
the form of contour lines, as in 
Fig. 2. To bring this type of situ- 
ation down to cases, the problem 
might be that of controlling a dis- 
tilling column where: 


u = f(P, T;2) (3) 


Here uw is the overhead product 
purity, which is to be maximized. 
It is seen to be a function of pres- 
sure P and temperature 7, which 
are controlled, and of certain un- 
controlled variables z, chiefly the 
entering composition. 

If the uncontrolled variables 
could be kept fixed or at least made 
to change in a predictable way, 
then conventional computer con- 
trol could be used. However, this is 
not usually the case. The only re- 
course in the past has been to use 
a human operator who, although he 
knows little about the underlying 
relations of the process, experi- 
ments until he finds the current 
optimum. 

In a simple regulatory problem 
such as that of house temperature 
control, which is readily solved 


Graph of surface u = f(x,y). (Fig. 1) 
Contour lines of same surface. (Fig. 2) 


with an inexpensive thermostat, 
there would be no point in going 
to any of the various forms of 
computer control. In the usual op- 
timizing problem, however, the sit- 
uation is totally non-linear. That 
is, when changes in the uncon- 
trolled variables z cause drift in 
the process, there is in general no 
way to tell which inputs should be 
changed, nor in what direction, to 
compensate for the changes in z 
which caused a drop in p. The con- 
trol must then proceed by intelli- 
gent trial and error. It must make 
small experimental changes, observ- 
ing the results and learning from 
the observations how to go to the 
optimum combination of input set- 
tings. In the distillation problem 
it would make changes in JT and P 
and note the effect of these changes 
on the output composition w. 

A simple example of an optimiz- 
ing problem of this sort is illus- 
trated by a mountain climber who 
attempts to scale a peak in com- 
plete darkness. He cannot see 
where he is going but he is able to 
tell whether he is going up, down, 
or horizontally. The criterion of 
a successful step is that it take 
him up the slope. If a step is thus 
successful, he takes another in the 
same direction. If it is not, he tries 
another direction. His personal op- 
timizing problem will have been 
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solved when, after a number of 
such experiments, he eventually 
reaches the peak and finds that a 
step in any direction will take him 
downward. 


The Problem of Lag 

A very obvious difference be- 
tween the problem of the moun- 
tain climber and the distilling 
column immediately strikes the 
reader. The mountain climber 
knows immediately whether any 
step has been in approximately the 
right direction, whereas the dis- 
tilling column controller is faced 
with a lag before the results of any 
change can be known. The prime 
requisite of an optimizing con- 
troller (or any controller, for that 
matter) is a sensing device which 
can measure u and report back be- 
fore the information becomes ob- 
solete. Achieving this result may 
sometimes be the limiting factor in 
the ability to control a process. 

No matter how excellent a con- 
troller’s logic may be, it will be 
ineffective unless the information 
on which it operates is received in 
time. Here, time is relative. The 
report on the effect of changing the 
settings for one or more inputs 
may be fast or slow, but what 
counts is the relation between time 
to report, and the rate of drift in 
u caused by the changes in z. Sup- 
pose that the observational lag is 
1 min. Then if the effect of vari- 
ations in z is usually negligible in 
a 10-min. period, we can take 10 
observations before the first one 
becomes obsolete. Probably the 
process can be controlled. But if 
strong effects of changes in z can 
occur every minute, then the proc- 
ess can be controlled only if the 
observational lag can be much re- 
duced. Thus the actual units of 
time are unimportant, the crucial 
factor being the number of obser- 
vations that can be made in a time 
during which the effect of changes 
in z will usually be negligible. 

In cases where the observation 
response is very rapid, changes 
being observed almost instantane- 
ously, quite a simple controller is 
possible and the “Automex” would 
not be needed. Instead, this device 
is designed for more difficult cases 
of optimizing where a fairly small 
number of observations must form 
the basis of decision. 

The author’s point of view, as 
expressed here, is that of the math- 
ematician and experimental statis- 
tician, rather than that of the 
engineer, the latter generally pre- 
ferring to express the drift or tran- 
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sient changes in the process in a 
functional fashion, however unlike 
the real situation the resulting 
mathematical description may be. 
The problem is very similar to that 
of finding the point of maximum 
output in the design of experi- 
ments. Although there is still much 
to be learned about such problems, 
certain generalities are known 
which greatly assist the procedure 
for maximum finding. 

Specifically, our problem here is 
to replace a human operator who 
may be able to control the process 
satisfactorily, if not brilliantly. 
When he observes a drift from op- 
timum output he begins to experi- 
ment, acting as if the process were 
stationary (no further change in 
z). Only when he notes a subse- 
quent drift does he start further 
adjustments. By this time the ob- 
servations he made before the last 
change have become obsolete, but 
he is usually protected from using 
this obsolete information because 
his memory is too short. 

Carrying this idea over to the 
optimizing controller, it seems nec- 
essary only to find an intelligent 
search procedure which works on 
an unchanging function, then equip 
it with a memory which is neither 
too long nor too short. The con- 
troller must be able to recognize 
when a change has taken place so 
that it can start a new series of 
changes in the input settings, as 
well as observations of the results. 


The Problem of “Interactions” 


Also, arguing from the theory of 
the design of experiments, the con- 
troller must recognize the “inter- 
actions” between input variables. 
Consider a function of two inde- 
pendent variables: 


u = g(z, y) (4) 
It is generally true that the effect 
of a change in 2 (holding y con- 
stant) depends on the value at 
which y is held constant. When 
this is so, x and y are said to inter- 
act, which simply means that the 
function cannot be separated into 
two parts, as: 


u=gi (x) + ge (y) (5) 
Although it is generally recog- 
nized that most functions of the 
form of Eq. (4) cannot be ex- 
pressed in the form of Eq. (5), 
there is still a great deal of experi- 
mentation in the engineering 
sciences which is done by the clas- 
sical method of changing one vari- 
able while holding all others con- 
stant. This method is slow and 
sometimes fails altogether. Instead, 


for more efficient experimentation, 
it seems obvious that some obser. 
vations must be made after chang- 
ing two or more variables simul- 
taneously. 

The “Automex” operates in this 
way, although its logic has been 
kept quite simple to make it eco- 
nomically feasible. In most cases 
it can perform considerably better 
than a human operator, although 
it does not have the human opera- 
tor’s general adaptability and 
therefore will probably require 
some degree of redesign for each 
application. 


How the Problem Is Solved 


While it is not possible to explain 
in detail in this short article just 
how the “Automex” works, the pre- 
ceding discussion has given the 
clue to its method of intelligent 
searching. Going back to the dis- 
tillation column problem (Ea. 3), 
when the controller’s sensing device 
reports a drop in u, it immediately 
begins a series of small changes in 
T and/or in P, waiting after each 
until the effect on wu can be reported 
back. It continues making such 
changes until w increases to some 
maximum, which is followed by de- 
creases in u in several directions 
of change. This shows that the 
combination of T and P which pro- 
duced this maximum is the best 
obtainable. Ordinarily only a com- 
paratively few tests will be needed 
to produce a maximum value of u 
at which further experiments will 
produce only a decrease. This then 
is the current optimum for the 
process. 

Since this optimum will change 
with changes in the uncontrolled 
variables, the instrument will 
either keep up its searching, or 
stop and wait until a decrease in u 
indicates that searching should be 
resumed, depending on which 
course seems best from a prior 
knowledge of the process. 

Various newer branches of math- 
ematics and statistics, which have 
not been included in the classical 
engineering curriculums, deal with 
the problem of maximum-seeking. 
(See, for example, M. M. Flood, 
“New Mathematical Tools for De- 
cision-Making,” Industrial Labora- 
tories, Sept. 1956.) Much research 
is going on in these fields and 
eventually will have important ef- 
fects in certain areas of automatic 
control. It seems clear that there 
are areas where those who insist 
on formulating all problems in 
terms of differential equations will 
be left behind. 
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Reason for This Guide————— 


In 34 pages this guide at- 
tempts to compress in one place 
the greatest possible amount of 
information on process instru- 
mentation for use in preliminary 
selection. It is an extensive re- 
vision and enlargement of the 
similar guide which appeared as 
part of our May 1952 issue. It is 
not intended as a substitute for 
the literature, for manufactur- 
ers’ catalogs, nor for their recom- 
mendations. 

The guide is organized in the 
27 sections listed at the right, 
the first 22 being mainly con- 
cerned with process variables 
and their measurement. The re- 
maining sections deal with meas- 
uring devices, transmitters and 
telemeters, controllers and final 
control elements. 

Many sources have contributed 
to this guide, including users, 
manufacturers and the litera- 
ture. Members of the instrument 
industry who supplied informa- 
tion are listed on p. 320. 
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Figs. 1-16—Temperature measuring instruments including thermometers 


1 — Temperature 


and pyrometers. 


Principle Range 
(a) Differential Expansion 
Fig. 1—(Weston) High-expansion metal strip welded to | —40 to 800° F. 
low-expansion strip deflects on temperature change. Multi- 
ple layer helix tends to cancel endwise motion and leave only 
rotary tion when el t is heated. Extra large deflec- 
tion can be obtained by “‘coils-in-coils’’ construction. sf 
Fig. 2—(Burling Inst. Co.) Bimetallic contact-making | Sub-zero to 1,800° F. 
thermostat has low-expansion rod in high-expansion tube 
which moves arm to depress switch S controlling circuit L. 
Set-point changed by A which moves pivot point of arm. 

Fig. 3—(Edison) Bimetallic thermostat, hermetically sealed | —10 to 600F. 
in glass tube which may be gas-filled. Thermostat calibrated 
after sealing by means of magnetic adjusting slug. 

Fig. 4—(Fenwall, Inc.) Bimetallic contact-making thermo- | —100 to 1,500° F. 
stat has low-expansion struts S carrying contacts C in high- 
expansion tube T. Break-point regulated by temperature-set 
screw A. Opens or closes on less than 0.5° F. change. 

(b) Fluid Expansion 

Fig. 5—Industrial thermometers use volumetric expansion | —38 to 675° F. (Hg), 
of mercury or an organic liquid such as alcohol, in non-etched | lower for organics, 
glass capillary. Nitrogen fill can increase top temperature. | higher for nitrogen. 

Fig. 6—Class I liquid filled thermal thermometer uses | —200 to 1,000F. 
organic liquid fill in bulb connected by capillary to pressure | with various fills. 
spiral or helix (like pressure gage). Class V is similar system 
but uses mercury for fill. Temperature changes at bulb distort 
p 1 t to indicate on scale. Over about 25 ft. of 
capillary, thermometers require ambient temperature com- 
pensation. Full compensation is obtained by second thermal 
system (no bulb) as in Fig. 7 or, if mercury filled, by special 
alloy wire in capillary. 

Fig. 8, 9—Class II filled system thermometer operates on | —300 to 600F.; 
vapor pressure of a volatile liquid in bulb. Interface must be | 200° F. top for 
in bulb, with capillary filled with the liquid (except for bulb | double-filled. 
temperatures below ambient, when capillary is vapor filled). 
Single-fill type (Fig. 8) may lose interface. Double-fill type 
(Fig. 9 Bristol) has non-volatile transmitting liquid, interface 
remains in bulb at all times. 

Class III filled system thermometer has gas fill under | —460 to 1,000F. 
pressure in bulb-capillary-pressure element system. Expan- 
sion of gas distorts pressure element, giving uniform scale. 


(c) Resistance Thermometers 


General: All forms of resist ther t perate by 
measuring in terms of temperature the resistance of an element 
which varies with temperature. Measurement is ordinarily 


accomplished with some form of wheatstone bridge circuit. 


Accuracy * 


Up to 1%. 


Minimum differ- 


ential 14° F. 


F. 


Differential less 
than 0.5° F. 


Approx. 1%. 


to 1% 


to 1%. 


% to 1%. 


* ACCURAC Y— Unless otherwise stated, figures for accuracy given here as percent mean that the average expected error will not be more than plus or minus 
that percentage of full instrument scale. Accuracy figures are difficult to obtain for many kinds of instruments. 


d instr 


In a few cases the figures have been estimated 
well installed and maintained, may give con- 


from best available data. It should be understood that these figures are rough and that well d 
siderably better accuracy, while poorer results may be obtained if the reverse is true. 
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Applications and Remarks 


Simple, rugged, relatively accurate for 
temperature indication, interchangeable 
with glass industrial thermometers. 


General temperature control using electric 
circuit, but can be supplied with air pilot. 
Rugged construction, steady control, 
readily set control point. 

Continuous duty with no change in oper- 
ating temperature. Limited to 1,000 
watts maximum load. 

General temperature control using electric 
circuit. Fast reaction time, low differ- 
ential, enclosed assembly. Insulation I 
gives anticipatory action. 


Widely used for temperatures where a 
record is not needed. Case protects 
capillary, scale dable at dist 
Gives uniform scale with equal accuracy 
at all parts of scale. Uses small bulb. 
Can be supplied with short span. Cap- 
illary error compensation good for 200 ft. 
or more. Can be case compensated with 
bimetallic compensator attached to pres- 
sure helix. Used for indicating, recording 
and controlling. 


Gives high response speed, non-uniform 
scale; permits up to about 200 ft. of 
capillary without compensation. Must 
be calibrated for head of bulb above or 
below pressure element. General use for 
indicating, recording and controlling. 


Has comparatively large bulb. Ambient 
errors small up to 200 ft. capillary, thus 
needing no compensation. 
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i—Temperature (Cont.) 


Principle Range Acc’y (p. 285) Applications and Remarke 
q Fig. 10—Resistance thermometers are usually a coil of fine | —325 to 1,200° F. 0.25 to 1%. Used for temperature, temperature differ- 
= wire such as platinum, copper or nickel, wound on an insulat- ence and temperature averaging. Quick 
= ing frame, ordinarily protected. To cancel out effect of response, small spans possible. Can be 
quid variable lead resistance three-wire lead system is used. used for highest precision. 

A fine-wire resistance thermometer (A. C. Ruge Associates), -—100 to 500F. Intimate bonding of resistance element to 
about the size of a postage stamp, mounted in paper, phenolic surface of object produces rapid response 
resin or silicone glass. Cemented to surface to be measured. to temperature change. 

Thermistors. (Gulton Industries, others). These aresemi- | —65 to 150° F. Potentially more accurate than thermo- 
conductors which decrease in resistance with temperature. couples or resistance thermometers. Can 

Can be used for very narrow spans, i.e., 4° F. be used as a thermocouple compensator. 
(d) Thermoelectric Pyrometers 
4 General: Thermocouples (thermoelectric py- junction temperatures, is measured either by a cold junction temperature, it is customary to 
i : rometers) operate on the Seebeck effect. When  millivoltmeter or a potentiometer calibrated in bring the cold junction to the instrument case by 
liquid two wires of dissimilar metals are jointed at the terms of temperature of the hot junction for a use of compensating leads (same metals if base 
ends and the junctions maintained at different fixed or p ted cold junction temperature. metal couple is used, or metals with similar 
temperatures, a current flows due to absorption For potentiometers see Fig. 11 and Section 24. thermoelectric characteristics if Pt is used). In 
of heat at hot junction. Voltage produced, Cold junction corrections. Since temperature the instrument, variations are compensated by 
which is proportional to difference of hot and cold measured by hot junction depends on a constant _bimetal, or nickel shunt across leads. 

Noble-metal couples. Made of platinum and a Pt-10% Rh | Top temperature 0.25% Used for high temperatures, and as a 
alloy or Pt-138% Rh alloy for highest temperatures. Top | 2,700 F. for continu- standard instrument for calibration. 
temp. depends on wire gage. Ordinarily requires protection. | ous use. 

Base metal couples. Three types generally used, ordinarily | —200° F. to temps. | Generally about Give much higher millivoltage than Pt 
with protection if in higher temperature ranges. (1) Copper- | noted. . 0.3 to 0.8% de- couples, although slightly lower accuracy. 
constantan, top temperature 700° F. depending on wire gage; pending on span. Used for same temperature range as Class 
(2) Iron-constantan, top temperature 1,400 F.; (3) Chromel- I, II, V filled system type thermometers, 
alumel, top temperature 2,300 F. as well as above and below. 

Fig. 13—Special thermocouples. These include the thermo- Used mainly as radiation receivers in 
pile (Fig. 13, a group of thermocouples in series) which multi- radiation pyrometers and special uses 
plies voltage by number of couples; and vacuum thermocouple where speed or high response is needed. 
in which protection is afforded by sealing in evacuated glass. 

(e) Radiation Pyrometers 

Fixed-focus type. Any radiating black body gives off total | 200 F. and up. No theoretical upper temperature limit. 
radiation that depends only on the temperature. An actual Needs no contact with object measured. 
body can be corrected for departure from blackbody condi- Can measure temperature of moving ob- 
tions. If radiation from a definite area is focussed on a jects. Records on millivoltmeter or po- 
thermocouple, the indicated temperature is proportional to tentiometer. Readily portable, since 
the actual. Receipt of radiation can be made independent of focussing is not needed. 
distance without focussing by installing couple at base of long 
tube containing a conical and a spherical mirror. 

Fig. 12—The equivalent of a uniform temperature enclosure | 100 to 2,400 F. -—1 to 0.5% de- | Portable instrument for spot readings on 
is obtained by use of a gold-plated concave reflectorG. Radi- pending on emis- | surface of opaque bodies. Pyrometer 

oer. ation approximating surface temperature is transmitted sivity. measures temperature 1/16 to 3/16 in. 
through fluorite window F and is measured by thermopile P. below surface because uniform tempera- 
a compensation is provided by thermistor ture region forms under reflector G. 
ielden). 
for Fig. 14, 15—Focussing types. Similar in principle to fixed- | 200 F. and up. Gives extremely fast response, on fixed or 
ble focus type except that a mirror (Fig. 14) or a lens (Fig. 15) is moving objects, at temperatures above 
used for focussing radiation onto a thermopile. Hence these range of non-radiation methods. 
types are used for permanent installations. 

(f) Optical Pyrometers 
= Fig. 16—Disappearing filament type (Leeds & Northrup). | 1,000 to 5,000 F. About 5° F, Manually operated instrument used for 
a Uses monochromatic radiation (rather than total radiation), indicating, not recording high tempera- 

’ determining intensity in comparison with a heated filament F tures. Flat filament lamp B has parallel 
which disappears at corresponding temperature. Filament windows. 
ee current is measured in terms of hot object temperature. Fila- 
100 ment viewed at E. 

" Optical wedge type. Similar to disappearing filament type | 1,400 to 3,700 F. Manually operated instrument used for 
me except that target illuminated from calibrated lamp at stand- | Special, 7,500 F. indicating, not recording high tempera- 
“ ard current disappears as source intensity is varied by absorp- tures. Any high temperature use where 
tion in optical wedge. Wedge position calibrated as temp. hot object can be sighted. 

(g) Change of State 
Melting point method. Melting pointsof pure tures molded as cones available to permit esti- ons, each covering a short range of temperature, 
Fe solids used for thermometer calibration. Also mation of time-temperature history of fired can be marked on hot objects to show tempera- 
: boiling points of pure liquids. charge. Used in ceramic manufacture. ture by fusing. Color change paints are available 
ee Pyrometric cones. Calibrated ceramic mix- Fusible crayon (Tempil Corp.). Fusiblecray- also, some reversible. 
b. 
4 2—Pressure 
th 
. Principle Range Acc’y (p. 288) Applications and Remarks 
(a) Absolute Pressure 
Fig. 17—Liquid column barometer. The fundamental | Any pressure of at- | Roughly 0.1 mm. Although less convenient than the aneroid 
r instrument for measuring pressure of the atmospbere. Glass | mosphere. type, the Hg barometer is used for precise 
; tube, closed at oneend and filled with mercury, is inverted in measurements and for calibration of other 
t a vessel of mercury. Height of Hg column above vessel level instruments. 
F is the barometric pressure in mm. Hg (corrected to mercury 
= density at 32 F.). 

Fig. 18—McLeod gage (Flosdorf modification, F. J. Stokes | 0.01 to 50 mm. +1%. Used as primary standard for absolute 

t Corp.). Gas at lowabsolute pressure is trapped in measuring | 0.01 to 5,000 micron. pressures in micron (0.001 mm.) range. 
| tube by mercury as instrument rotates about a pivot through Requires trapping. of condensables to 
80° from horizontal. Mercury compresses gas into top of avoid error. Can be mechanized, though 

measuring tube where final volume, expressed as initial abso- usually manually operated. 
lute pressure, is read. 

Fig. 19—Single-bellows absolute pressure gage (Bristol). | 0 to 200 mm Hg. High accuracy is | Can be supplied in spans as low as 0 to 6 
Single evacuated bellows within vessel containing unknown claimed. mm. Hg for vacuum drying, steam con- 
pressure transmits motion outside through bellows seal. densers, vacuum stills, antibiotic process- 
Measurement is differential vs. vacuum, hence absolute ing. 
pressure. 

Fig. 20—Two-bellows absolute pressure gage. Made with | 0 to 25 psia. 1% or better. Considered accurate for pressures dowD 
either opposed or beam-balanced bellows, one bellows evacu- to about 5 mm. Hg. Uses similar to 
ated, other exposed to pressure measured. above. 

Continued next page 
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Figs. 17-33—Pressure measuring instruments for absolute and gage pressure and vacuum. 


2—Pressure (Absolute, Gage, Vacuum, Draft, Differential) (Cont.) 


Principle 
(a) Absolute Pressure 


Fig. 21—Noble metal thermocouples are connected in a 
bridge circuit (Hastings-Raydist, Inc.). Low voltage a.c. 
supplies current to heated thermopiles. Unheated thermo- 
pile connected in opposite polarity provides ambient temper- 
ature compensation. D.c. output is measured. 

Fig. 22—Thermocouple gage. “Inferential type which 
measures thermal conductivity of gases at reduced pressure in 
terms of pressure. Temperature of heater filament is de- 
tected by thermocouple. 

. Pirani gage. Similar in principle to thermocouple gage 
except that heated filament temperature is measured as a 
resistance thermometer in wheatstone bridge. 

Fig. 23—Hot filament ionization gage. Uses three-element 
vacuum tube containing low pressure gas to be measured. 
Molecules ionized by electrons from filament flow to plate, 
discharge, yield plate current proportional to pressure. 

Fig. 24—Alpha particle ionization gage (Nat. Research). 
Similar to hot filament type except that ionization is caused 
by alpha particles from a radioactive source. 

Fig. 25—Cartesian diver absolute pressure control (Mano- 
stat Corp.). Desired absolute pressure is set inside diver D 
by opening valve C momentarily to system E. Thereafter D 
closes seat S against nozzle N connecting to pump P unless 
system pressure changes. 

(b) Gage Pressure or Vacuum (Liquid) 

Fig. 26—Glass liquid columns of U-tube or well type 
measure pressure, draft or vacuum vs. pressure of atmosphere. 
Pressure proportional to H. 

Fig. 27—Inclined draft gage. Similar to U-tube but has 
one inclined leg vs. large diameter well to increase reading 
accuracy. 

(c) Gage inet or Vacuum (Spring Balanced) 

Fig. 28—Bourdon type pressure-deflecting units. Tube of 
flattened cross-section, as incomplete circle (conventional 
bourdon), spiral or helix, tends to straighten with pressure 
increase. Motion is multiplied to pointer by cam or gearing. 

Fig. 29—Slack diaphragm gage. Slack diaphragm is 
balanced by pressure or tension of a calibrated spring. 

Fig. 30-3 1—Bellows type gages. Includes metallic bellows, 
capsular and multiple-diaphragm units in which pressure is 
balanced against their own spring action or against a cali- 
brated spring. 

Fig. 32—Piston gage. Except for friction, comparable to 
slack diaphragm. Pressure is balanced by a calibrated 


spring. 

Fig. 33—Liquid-sealed bell. Inverted bell dips into liquid 
which acts merely asaseal. Bell is balanced by a calibrated 
spring. 


Fig. 34—Force-balance gage seal (Bristol). Process pres- 
sure applied to a force-balance pneumatic transmitter, 
transmitter pressure applied to gage. Restriction in air 
supply line and leak controlled by diaphragm exactly dupli- 
cate pressure. 

Fig. 35—Strain gage load cell (Baldwin-Lima-Hamilton 
Corp.). Uses small resistance elements bonded to an el t 
which expands under internal pressure. Stretch increases 
resistance proportional to strain. Usual method assembles 
four elements in a wheatstone bridge so that resistances A 
and D are strained, B and C are not. Other resistances are 


provided for temperature compensation and calibration. 
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Range 


0 to 1,000 micron 
0.1 to 20 mm. 


1 to 200 microns. 
(Some to 1,000 
microns). 


1 to 3,000 microns. 


0.001 to 1 micron. 


0.1 to 10,000 micron 
10 to 1,000 mm. 


Holds pressures from 
1 mm. to 100 psia. 


About 2 in. of liquid 
head. 


0 to 10,000 psia. or 
higher. 

0 to 120 in. w.c. 
Vac. to about 

100 psi. 

Vac. to high, 
depending on spring. 


Vac. to about 15 in. 
w.c. 


Any. 


Unlimited. 


Acc’y (p. 288) 


High. 


1%. 


0.1% of set point. 


About 0.1 in. of 
manometer liquid 


Better than 0.01 
in. of liquid. 


About 1%. 
to 1%. 


1% or better. 


1%. 


or better. 
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Applications and Remarks 


Rapid response, not damaged by release 
to atmospheric pressure, Low operating 
temperature, no oxidation of thermo- 
couples. Does not measure pressure and 
so is actually not a manometer. 

Easy to use but must be calibrated on 
type of gas to be measured. Extends 
measurement below field of bellows gages 
and Hg manometers. Fast response. 
Features similar to thermocouple gage. 
Uses similar, above range of ionization 


gages. 
Suitable for low absolute pressures but 
must be protected vs. burn-outs if 
pressure goes above 1 micron. Unsuited 
for gases decomposed by hot filament. 

Having no filament, there is no burn-out 
problem, so alpha ionization gage can be 
used for pressures well above 1 micron. 
Simple device maintains desired pressure 
or vacuum. Made in glass or metal. 
Readily reset to other control pressures. 


Simple and accurate but limited by glass 
construction and available column height. 


Used chiefly for low gage drafts and pres- 
sures where visual indication is sufficient. 


Most indicating gages use conventional 
bourdon. Simple, reliable and usually 
accurate. Cam type (Helicoid Gage) 
has no back lash, can use suppressed scale. 
Used especially for low pressure and draft 
such as 0 to 0.5 in. w.c. 
Simple and rugged, widely used in 
and instru- 
ments, recorders, 


Used mainly for study of pressure cycles 
as in the steam engine indicator. Oper- 
ates stylus, records. 

Used for low pressures and vacuums; can 
be made exiremely sensitive. 


Can be used at gage to protect against 
corrosive, viscous, dirty or radioactive 
fluids, or can transmit readings up to 
1,000 ft. 


Relatively new method becoming popular 
owing to high accuracy, ease of trans- 
mission to millivoltmeter or potentiom- 
eter indicator or recorder, good linearity 
and reproducibility, negligible hysterisis, 
quick response. Unbonded types - 
used. 
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2—Pressure (Absolute, Gage, Vacuum, Draft, Differential) (Cont.) 


Principle Range Acc'y (p. 288) 


Fig. 36—Stainless steel bellows (MSA Research Corp.) 
senses pressure in liquid metal. The core of the variable 
transformer i; directly connected to the bellows. Variations 
in pressure are translated into an electrical output which is 
indicated by a suitable meter or recorder. 


Fig. 37—Nested diaphragm gage (U. S. Gauge). A vari- | 30 in. w.c. to 30 psi. | 1%. 
ation of the bellows type Fig. 30. 

Fig. 38—Gage protectors. For protection against corrosive | Vac. to 10,000 psi. 1%. 
conditions, pressure gages are commonly provided with a | or higher. 
diaphragm of flexible metal or an elastomer to seal between 
pressure source and gage. Gage side is solidly filled with 
liquid such as glycerine. Sometimes a bellows is used. 


(d) Gage Pressure (Weight Balance) 


Fig. 39—Deadweight tester. Type of piston gagein which | Unlimited. 0.1%. 
test pressure is balanced against known weight when applied 
to known piston area. Pressure applied by secondary piston 
and screw. Weight platform is rotated to avoid sticking. 


(e) Differential Pressure (Manometers) 
Glass liquid column manometers. Identical with those in About 0.01 in. of 
Section 2 (b) except that the two pressures are connected, manometer liquid. 
one to each end of the tube. 
Fig. 40—Metal manometers, plain tube. Liquid level, | Differentialsof10in. | 1%. 
usually mercury, is read by carrying float position outside | w.c. min. to 400 in. 


manometer by pressure-tight bearing, torque tube or mag- | or higher. 
netic follower. 
Fig. 41—Metal manometers, formed tube. Similar to plain 1%. 


tube type except that range tube is formed to variable para- 
bolic cross section to extract square root for flow. 

Tilting manometer. Manometer balanced on knife edge, | About 10 in. w. c. 1-2%. 
and connected by flexible leads to pressure sources, tilts in }| max. 
proportion to differential. By use of cam and counterweight 
(Cochrane), tilt can be made directly proportional to flow. 

Fig. 43—Ring-balance manometer. Similarin principle to | About 10 in. w.c. 1%. 
tilting manometer. Split tubular ring with flexible leads | max. 
rotates about central knife edge, balanced by a weight. 


(f) Differential Pressure (Sealed Bells) 


Fig. 42—Floating bell, single. Similar to single-pressure | 0.2 to 12 in. w.c. 1%. 
bell (Section 2 ¢) except enclosed for application of pressure 
to both sides. Bell position proportional to differential, 
carried outside by torque tube or pressure-tight bearing. 

Fig. 44—Formed bell (Bailey Ledoux bell). Bell shaped | 212 in. w.c. max. 2% actual flow. 
internally to parabolic form extracts square root of differential | differential. 
to give uniform scale on flow. Hg seal. 


(g) Other 
Fig. 45—Slack diaphragm, square-root compensated (Hays | Min. 0.2 to max. 120 | 1 to 2%. 
Corp.). Addition of calibrating spring in line with motion | in. w.c. differential. 
arm (see sketch) extracts square root for flow. 


Applications and Remarks 
Measure pressure of molten metal directly. 
Pressure range of gage adjusted by link- 
age in balancing spring. Transformer- 
windings of transmitter and receiver con- 
nected in series, thus providing voltage 
and temperature compensation. 

Gage withstands high external over- 
pressure without damage. 

Used in corrosive chemical applications 
with diaphragm metal resistant to use. 
Also for viscous liquids, or those which 
might set up in gage. Generally are 
cleanable. 


Used as primary standard for calibration 
of gages. 


Simple and accurate but limited by glass 
construction and available column height. 
Limited static pressure. 

Most common method of measurement 
for rate-of-flow meters. Also for differ- 
ential-pressure level and density measure- 
ments. Static pressures to 5,000 psi. 
Not commonly used owing to expense of 
accurately forming range tube. Gives 
uniform scale for flow. 

Used for general rate-of-flow measure- 
ment. Avoids need for pressure-tight 
shaft. 


Used for general rate-of-flow measure- 
ment. Avoids need for pressure-tight 
shaft. 


Large area of bell gives ample power for 
operating recording mechanism at very 
low differentials. 


Used for general rate-of-flow metering. 
Uniform scale facilitates reading and in- 
tegrating. 


Used for low differential for flow where 
uniformly divided scale is desired. 
Continued next page 
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Figs. 34-47—Pressure measuring instruments for absolute and gage pressure, vacuum and differential pressure. 
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2—Pressure (Absolute, Gage, Vacuum, Draft, Differential) (Cont. ) 


systems in Section 2 can be used for force measurement. Par- 
ticularly these include spring-balanced devices of Section 2(c). 
Bellows, diaphragms and capsular elements are commonly 
used, consisting of two expansible elements coupled by tubing, 
with the system liquid-filled. Force on one element is trans- 
mitted to the other and indicated there as a deflection. Trans- 
mitter is usually a stiff spring unit, receiver a bourdon type. 

Pneumatic force balance. Force-balance systems as in: 
Section 25(b) or Fig. 34 balance a force (or a pressure) on one 
side of a diaphragm against pneumatic pressure on the other, 
transmitting latter pressure to a pressure indicator. 

Fig. 35—Bonded strain gages. (See Section 2c) Same 
strain gage units used for measuring elongation (strain) of 
pressure-sensitive element can be used to measure strains pro- 
duced by tension, compression, weight, etc. Four resistance 
elements in a bridge circuit, or two (one a dummy for temper- 
ature compensation) are bonded to strained surface and re- 
sistance change measured. 

Unbonded strain gages. Unit consists of two rigid frames 
laced with four calibrated resistance elements in bridge circuit. 
Strain tending to pull frame members apart increases strain 
in one pair, reduces strain in second pair of elements. 


Moderate force mag- 
nitude, 


Unlimited. 


Forces to about 4 lb. 
for displacements to 
about 0.002 in. 


Principle Range Acc’y (p. 288) Applications and Remarks 
Fig. 46—Bellows differential vage, single type. Bellows | Min. 25 to max. 800 | About 2%. Simple, rugged, range easily changed, re- 
(or diaphragm) in casing is subjected to low pressure on one | in. w.c. differential. quires no mercury, minimizes mainten- 
side, high on the other. Bellows extension measures differ- _ | ance. General differential pressure use. 
ential. Usually provided with calibrating spring for ranging. : 3 
Fig. 47—Double-bellows differential gage (Barton Inst. | Min. 15 to max. 300 | 0.5% of full differ- | Unharmed by over-renging. Range easily 
Corp.). Opposed bellows in two-part casing are filled with | in. w.c. differential. ential. adjusted. Nomercury. Eliminates pul- 
liquid, balanced by a spring and connected together by a shaft sation. Torque tube for transmitting 
passing through a restriction. Arrangement acts like spring- motion eliminates possible leakage. 
balanced piston with high pressure at one end, low at other. 
Pulsations damped by valve controlling liquid flow from one 
bellows to other. Temperature compensation for liquid ex- 
pansion provided by floating bellows section. 
3 — Force, Tension, Compression 
Principle Range Acc’y (p. 288) Applications and Remarks 
Fluid pressure-spring systems. Most pressure measuring | Unlimited 1% or better Units require calibration but can be 


rugged and dependable. Indication can 
be transmitted over several hundred feet. 


Useful where a null system with virtually 
no displacement of the measuring dia- 
phragm is desired. Can transmit reason- 
ably long distances. 

Strain gages mounted on paper, fabric or 
plastic can be bonded to strained surface 
by cement, or load measuring units in- 
corporating already-bonded gages are 
available for measuring weight, force, 
deflection, motor load, etc. 


Less used than bonded type. Affords 
easy method of measuring small strains 
from % oz. to 4 lb., or for building into 
instruments. Temperature compensated. 


0.5% or better. 


Strains as small as 


4 — Radioactivity Measurements (Applications, see Sections 6 to 9) 


General 


Geiger-Mueller counter. Metal cylinder with 
central grounded electrode, is filled with inert gas 


monitoring, thickness gages. 
Scintillation counter. 


Radiation (alpha, beta, 


off heavy particles, ionizes gas. (3) Boron-lined 
ionization chamber can by negative d.c. bias on 
chamber and a.c. operating voltage compensate 


such as argon. Window of aluminum alloy or 
suitable non-metal admits radioactive particles or 
trays. With electrode charged to 1,000-1,200 v. 
each particle entering causes ionization, momen- 
tary conduction, which is amplified and fed to 
pulse counting electronic circuit. Counting can 
be speeded with lower pulse strength by lower 
voltage—then called proportional counter. De- 
tects alpha, beta or gamma radiation. Used in 
monitors, X-ray diffraction, level and thickness 
gages. 

Ionization chamber. Similar to Geiger but 
uses low voltage giving minute current propor- 
tional to total radiation received. Used in health 


gamma and X-rays, and neutrons) strike phosphor 
such as zinc sulphide, give off light flashes detected 
and amplified by photomultiplier tube. Output 
amplified, fed to pulse counter. Used for general 
radiation detection and measurement in nuclear 
laboratories. 

Neutron flux detectors. There are three main 
types: (1) Boron trifluoride proportional counter 
is high-voltage ionization chamber with tungsten 
electrode and BF; gas inside. Each boron disin- 
tegration due to a neutron causes a pulse at col- 
lecting electrode. (2) Fission chamber has 
electrodes coated with enriched uranium oxide. 
Each neutron capture causing U-235 fission gives 


for gamma radiation. 

Atomic battery (Ohmart Corp.). Generates 
current direct from gamma radiation, requiring 
only one vacuum tube for amplification, no high 
voltage source. Accuracy 2 to 3%. Used for 
dosimeters, itors, level gages. 

Scalers and pulse counters. Electronic ampli- 
fying and registering devices employing trigger 
circuits to record on lights or mechanical counters, 
scaling down actual counts by factor of 2 or 10. 
Integrates pulses over a period of time. Also 
pulse rate meters, used primarily for graphic re- 
cording, or printed digital record (Streeter-Amet). 


5 — Fluid Flow (Quantity, Rate and Mass Meters) 
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Principle 


(a) Volumetric Meters 


Piston meter. Piston driven by fluid pressure shuttles back 
and forth, recording number of strokes in terms of volume 
passing. Variations include multiple pistons driving wobble 
plate, double piston in two-part cylinder, reciprocating bellows 
type used for gas. Piston motion operates poppet or surface- 
type valves. 

Metering pumps. Many types of positive displacement 
pumps can be used for metering of liquids when driven at con- 
stant speed. Includes piston-type proportioning pumps, 
piston-type rayon spinning pumps, gear pumps. 

Fig. 48—Lobed rotor meter. Two lobed impellers in a 
close-fitting chamber rotate without contact with chamber or 
each other by action of timing gears. Action similar to a gear 
pump, liquid or gas carrying around outer ends of chamber. 

Fig. 49—Nutating disk meter. Circular disk in a spherical 
chamber bounded by cones is cut by a vertical partition near 
discharge point. Space above and below disk forms two 
separated chambers which progress from suction to discharge 
side as disk nutates under liquid pressure. End of axis ro- 
tates, drives counter. 

Fig. 50—Rotary vane meter. Eccentric drum carries radial 
vanes forced outward by springs against meter casing to form 
sealed pockets. Fluid pressure rotates drum. 


Range 


Up to 1,500 gpm. 


Low to moderate. 
Up to about 


1,000,000 cfh. 


1 to 1,000 gpm. 


Moderate. 


Acc’y (p. 288) 


1% or better de- 
pending on type. 


High. 
Variable, depend- 


ing on slip. 


1% or better. 


%%or better. 


Applications and Remarks 


Gives volumetric measure of flow. In 
some types can correct automatically for 
temperature variations. Generally can 
handle wide range of viscosities. Most 
commonly used for liquids (except fuel 
gas meters). 

Depending on type can be used to provide 
accurate rate of liquid delivery either in 
discrete increments or in pulsationless 


flow. 

Used chiefly for gases, but can be used for 
clean liquids. Have low pressure drop 
Slip increases at low flow rates; best used 
at higher rates. 

Commonly used for domestic water 
metering as well as industrial water 
metering and totalizing of industrial 
fluids. Often used for batching with 
automatic shut-off actuated by meter. 


Can be used for liquids or gases. Has 
virtually no clearance except at ends so 
slip is slight. 
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Figs. 48-62—Flow measuring devices including volumetric and rate-of-flow meters. 
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Principle 


Fig. 51—Rotating bucket meter. Curved vanes closed at 


ends to form buckets are rotated proportional to flow as 


i F4 liquid overbal drum at right. 


Fig. 52—Liquid-sealed gas meter. Cylindrical casing more 
than half full of water contains drum with four ‘‘spiral’”’ vanes 


Range Acc’y (p. 288) 
High. 
Wide range from few | 0.5% or better. 


cfm. to large size. 


and gas inlet at center. Gas enters upper compartments, 


forcing rotation. 


Variable Head Meters — (b) Closed Channel 


General: Variable-head meters produce a dif- 
ferential pressure in the case of closed-channel 
meters, or an elevation of level behind an obstruc- 
tion in case of open-channel meters. Results in 
the first type are therefore measured by various 
forms of differential pressure measuring device 
(see Section 2 efg) and in the second by level 
measuring devices (see Section 6). In neither 
case does flow vary directly with the quantity 


44, 45 and 222. 

Meters tabulated in this section are rate-of-flow 
meters. For totalized flow over a period of time 
they can be provided with integrators or their 
charts can be planimetered. In meters without 
linear flow-scale correction the integrator supplies 
the correction by means of a eam, adding units 
to a counter at equal time intervals in propor- 
tion to the existing flow rate. A simple method 


of electrical integration is used in the resistance 


measured, so that correcting means are often 
manometer (Republic Flow Meters Co.) shown 


applied to give linear flow scales, e.g., Figs. 41, 
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Applications and Remarks 


Used mainly to measure condensate flow. 
Is suitable for other liquids. 


Used for metering fuel gas and for cali- 
brating other meters. Pressure drop as 
low as 0.1 in. w.c. 


in Fig. 222. Height of the mercury determines 
number of resistance elements in series with the 
manometer output. Elements are arranged so 
that current output is directly proportional to 
flow rate. Hence an electrical power integrator 
similar to a watt-hour meter can be used to 
integrate the flow. 

Meters for compressible fluids are sometimes 
automatically corrected for static pressure varia- 
tions, or a static pressure pen records simultane- 
ously on the same chart. 


Fig. 53—Orifices. A constriction in a pipe line flowing full High but variable. | Orifice characteristics are well known and 
gives a reproducible and in some cases predictable pressure predictable. Orifices are relatively cheap 
drop across the constriction for various rates of flow. Com- but have rather high permanent pressure 
monest type is the square-edged orifice in thin plate. Such loss. Accuracy depends on care in con- 
orifices are usually concentric, but may be segmental or struction and installation. 
eccentric. Pressure connections can be made close to the 
orifice but are usually at a point well upstream and at point of 
maximum contraction for maximum differential and accurate 
predictability. Practically all differential measuring devices 
in Section 2 efg are used. 

Fig. 54—Flow nozzle, venturi nozzle. First (see sketch) is | Moderate sizes. Good. More expensive than plate orifices, but 
a streamlined orifice, the second a venturi tube (see below) have lower permanent pressure loss. 
designed for installation inside pipe. As restrictions, they 
produce a pressure drop varying with flow rate. 

Fig. 55—Flow tube (Gentile, Foster Eng. Co.). Stream- | Allcommercial sizes. | High. Gives negligible permanent pressure loss. 
lined restriction tube flanged for installation in pipe line has Shorter and easier to install than most 
ports almost parallel to pipe opening in both up- and down- venturi-type differential producers. Tur- 
stream slopes to piezometer ring pressure connections. bulence has little effect. 

Fig. 56—Flow tube (Dall, B-I-F Ind.). Streamlined re- 
striction tube with abrupt decrease followed by further coni- | 31,000 gpm. +1% Used for gas, air, water, process fluids, 
cal restriction and rapid recovery section. Annular gap sewage, wastes. Claimed to give lowest 
averages pressure at throat for solids-free liquids; special permanent loss of any differential pro- 
design for suspended solids. ducer. 

Fig. 57—Venturi tube. Streamlined differential producer | 2 in. and up. 1%. Used mainly for large flow of water, proc- 
with practically unity flow coef., has 20° entrance cone and ess fluids, wastes, gases. Gives second 
5-6° discharge cone for maximum pressure recovery. Press- lest per: t p loss of any 
ure openings connect to piezometer rings at throat, entrance. differential producer. 

Fig. 58—Elbow-tap flow meter (Foxboro). Centrifugal Requires no restrictions; flow can be in 
force of liquid or gas flowing through elbow creates differential either direction. 
aay arg between inside and outside of elbow; can be related 
to flow. 

Fig. 59—Ball-and-quadrant flow meter. Ball in trans- Do-it-yourself flow meter for small lab 
parent plastic tube bent to quadrant can be calibrated for low and pilot flows. 
flow rates. Constant orifice; variable head supports ball. Continued next page 
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Figs. 63-78--Flow measuring devices including rate-of-flow and mass meters. 
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Principle 


Fig. 60—Pitot tube. Measures difference between impact 
and static pressures in fluid flowing in closed duct, which is 
proportional to velocity head, V?/2g. Hence gives fluid 
velocity at a point. With velocity traverse, flow rate can be 
approximated by using average velocity across duct. Must 
be calibrated. 

Variable Head Meters — (c) Open Channel 

Fig. 61—Weirs. Any obstruction in an open channel 
causes a backing up of flowing liquid which varies with flow 
rate and can be calibrated in terms of head vs. flow rate. 
Several predictable forms of obstruction (weirs) have been 
developed including the V, square and trapezoidal notch which 
are cut from plate metal according to proportions to give pre- 
dictable formulas. 

Fig. 62—Flumes. Flow channels with gradual rather than 
sharp restrictions as in weirs are called flumes. Flow rate 
varies with head of quiet water behind the restriction, com- 
pared with bottom height at restriction. Type shown is 
Parshall flume. Discharge determined from empirical formula. 


(d) Variable Area Meters 

In variable head meters the restriction remains constant 
and the pressure differential is allowed to vary as flow rate 
varies. In variable area meters the differential is maintained 
constant and the flow area at the point of restriction is allowed 
to vary in proportion to the flow rate. Several methods are 
used, some of which are affected by variations in viscosity. 
The commonest type is the rotameter, which can be designed 
to be relatively viscosity-immune. 

Fig. 63—Plug in ported cylinder (Bailey Meter Co.). 
Cylindrical plug loaded by a weight or calibrated spring 
moves in sleeve containing rectangular slots. Lift is directly 
proportional to flow rate. Similar idea (Brown) uses rect- 
angular orifice, makes plug lift directly proportional to flow. 

Fig. 64—Tapered plug in orifice. With flow against the 
smaller diameter of the plug, plug rises until upward force due 
to fluid balances downward force of gravity. Brooks uses 
this type in a high-pressure indicator with magnetic follower. 

Plug flow indicator. Gems Co. makes a flow indicator 
similar to a lift-plug check valve in which flow against plug 
bottom lifts plug, act tically operated switch. 

Tapered tube rotameter, free | bob. This is the earliest type 
of rotameter, using a top-shaped bob with sloped flutes in the 
bob to induce rotation with aim of centering bob in tube. 
Tube is of glass, tapered uniformly and used in vertical posi- 
tion. Upward flow causes bob to seek equilibrium level pro- 
portional to flow, where pressure drop equals gravity pull. 

Fig. 65—Tapered tube rotameter, center guide. Common 
type where position of bob is to be indicated on an external 
scale by direct movement of pointer or by electrical trans- 
mission. Inductance bridge (Section 25 c) often used for 
transmission. Can readily be equipped with electronic, 
induction or mercury-switch alarm. 


Range 
Unlimited flow 
range. 


Very large. 


1 to 4 in. ips. 


Moderate. 


¥% to 3 in. 


¥ to 4 in. diam. 


¥% to 4 in. diam. 


Larger than weirs. 


Acc’y (p. 288) 
Variable. 


Fair. Best results 
need calibration. 


Variable. 


Sensitivity 4%. 


Flow over 1.5 gpm. 


4 to 2%. 


to 2%. 


June 


‘published dimensions on the job. 


Applications and Remarks 

Simple device, easily installed and capa- 
ble of use in very large ducts. Since its 
flow coefficient cannot be predicted 
accurately, it must be calibrated. 


Used mainly for measuring large flows 
of water, sewage or wastes. Usually 
constructed on the job. 


Used mainly for measuring large flows of 
water, sewage or wastes, constructed from 
(See 
Parshall, Trans. ASCE, 1926). 


Used for oils and clear liquids, especially 
for liquids of relatively high viscosity. 


Sensitive to changes in viscosity. 


Does not meter; indicates flow or lack 
of it. Switch operates warning light. 


This type now often superceded in favor 
of types with guided bobs, and bobs in- 
sensitive to viscosity. 


Used where visual reading of float level 
is impractical (opaque liquids) or where 
transmission is required. Permits use of 
viscosity-immunebobs. 
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5—Fluid Flow (Quantity and Rate and Mass Meters) (Cont.) 
Principle Range Acc'y (p. 288) Applications and Remarks 
Fig. 6€—Tapered tube rotameter, beaded tube. Commonly | 4 i2- max. 4 to 2%. Used for stability of bobs in visual-read 
used for visual-reading rotameters. Tapered glass tube con- meters. Enables viscosity-immune bobs 
tains three internal beads of ccnstant internal diameter to be used without center guide. 
which guide the bob, taper between beads serving as variable 
area section. P 
Fig. 67—Metal tapered tube rotameter (Fischer & Porter High Can handle high pressure as well as high 
Co.). Use of magnetic follower and pneumatic or electric temperature fluids at high accuracy. 
transmitter (see Section 25 b bles short metal tapered tube 
to be used. 1 
Fig. 68—Kinetic manometer rotameter (Fischer & Porter). Enables a rotameter to be used for larger 
Orifice or other differential producer is bypassed with a rota- than normal flows. 
meter to give about half the pressure drop through each. 
Rotameter flow is proportional to main-line flow. 
(e) Velocity and Current Meters 
Cup anemometer. Hollow hemispheres mounted radically Used mainly for wind velocity rather than 
to form a wheel make a simple sort of current meter. Air flow rate. 
current catches open side of cups, p ig a rotation speed 
proportional to air velocity. 
Vane type velocity meter (Illinois Testing Laboratories.). | 20 to 24,000 fpm. 3% Used mainly in heating, ventilating, air 


Impact of moving air or gas against a vane moves it against 
a hair spring. Used in open air, or with special jet tubes in 
ducts or restricted locations. 

Fig. 69—Current meters (Builders-Providence). Turbine 
wheel in a venturi-shaped tube installed in pipe line rotates 
at rate proportional to flow rate, driving integrating counter. 

Fig. 70—Shunt type current meter (Builders-Providence). 
Tube with segmental orifice and bypass loop installed in flow 
line. Turbine wheel at entrance of shunt measures fixed 
proportion of main flow, totalizes by magnetic-drive counter. 

Fig. 71—Vortex meter (Rotron Controls). Cylindrical flow 
path with semi-cylindrical bulge ‘n side produces a swirling 
vortex. Light ‘‘vortex cage’ set us shown rotates at velocity 
proportional to flow rate to operate counter. 

Fig. 72—Electric current meter (Potter Aeronautical 
Corp.). Turbine wheel R mounted between straightening 
vanes § in cylindrical passage has core shaped to give venturi- 
like flow, causing end-thrust balance to reduce friction. 
Rotor R contains magnet M. Rotating field generates a.c. 
in coil C for flow rate indication. Indication may be com- 
bined with density correction for mass flow (Section 5f). 

Fig. 73—Induced-voltage electromagnetic flow meter 
(Several). Liquid flowing through a non-magnetic tube with 
an internal non-conducting coating in a magnetic field induces 
a voltage in fluid that is proportional to flow rate and field 
intensity. Electrodes sealed in tube conduct output to ampli- 
fier and flow-rate meter. MSA Research uses this type for 
liquid metals to 1,500 F. 

Fig. 74—Hot wire anemometer. Various types; type of 
Fig. 74 (Hastings-Raydist) uses thermopile heated by a.c. 
Cooling by flow, which is proportional to local flow velocity 
is measured as d.c. output of thermopile by millivoltmeter. 


(f) Mass Meters 


General: Mass meters measure mass flow rate 
rather than velocity or volume flow rate. 
discrete increments are weighed by an automatic 
scale-balanced tank which cuts off at set point, 
then discharges and registers wejght, this is a 
semi-continuous form of mass flow metering. It 
can be used for batching and for mass flow total- 
izing. It needs no temperature correction. 


Fig. 75—Heat-addition flow meter. If known heat is 
added to unknown flow of fluid of known specific heat, temper- 
ature rise is inversely proportional to mass flow rate. Type 
shown (Cutler-Hammer) varies electric current flow to heater 
for fixed temperature rise, using resistance thermometers in 
bridge to regulate heat addition. Current flow proportional 
to fluid flow. 

Fig. 76—Ultrasonic flow meter (W. L. Maxson, others). 
Consists of a cylindrical flow tube across which are two 
opposed, diagonal acoustic paths. Each path includes a 
crystal sender at one end and a crystal receiver at the other. 
Ultrasonic energy is dispatched along each path in pulses, 
receipt of a pulse triggering a new pulse. Time of pulse 
transit is measured in terms of repetition frequency. Time 
difference for up- and downstream pulses is proportional to 
fluid velocity, independent of acoustic velocity. A fifth 
crystal is used to measure density. Energy to produce pulses, 
proportional to density, is entered into computer with flow 
velocity to give mass flow rate and total. 

Fig. 77—Angular momentum meter (G. E., Inertial In- 
struments, others). Meters of this type have a cylindrical 
body containing two radially-vaned rotors. The first is 
rotated at constant speed to impart angular acceleration to 
the fluid. The second is restrained by a spring or electroni- 
cally, measuring the torque required to remove the angular 
momentum put in by the first rotor. Torque is proportional 
to mass flow rate. 

Fig. 78—Gyro mass meter (Norwood Controls). Liquid 
flows through a tube about an axis marked ‘‘gyro”’ while the 
tube is rotated about the rotation axis. Deceleration taking 

place as liquid moves toward rotation axis results in precession 
motion like a gyroscope, tending to cause rotation about pre- 
cession axis. Tendency is detected in flexible connections, 
torque to restrain is reported as mass flow. Divided portion 
of flow path compensates for density changes. 


2 to 36 in. pipe size. 


1 to 14 in. main pipe 
size. 


2 to 220 gpm. 


¥ to 12 in. pipe size 


To 10 in. 


0 to 6,000 fpm. air 
speed. 


Many types of volumetric, differential pressure 
If and velocity flow meters can be modified to in- 
corporate a density correction autcmatically and 
£0 indicate mass flow rate. 
with piston meters, head meters especially for 
gases, but also for liquids, and velocity meters 
i.e., Fig. 76, the Potter meter (Fig. 72) and 
electromagnetic meters (Fig. 73). 


Theoretically 
unlimited. 


Up to 5,000 gpm. 
(Gulton) 


1 to 15 lb./sec. 


10 to 200 and 25 to 
500 gpm. 


This has been done 


2% of actual flow. 


2% of actual flow. 


+th%. 


to 1%. 


2-5%. 


2% 


1% of point at 5 to 
1 flow range. 


1% of full scale. 


conditioning and exhaust system design, 
installation and maintenance. 


Gives low pressure drop. Used for liquids 
only. Can stand high temporary over- 
loads. Subtracts reverse flow. 

Used for steam, gas or air only (no 
liquids). Easy to install, or change 
orifice for capacity change. Magnetic 
counter drive eliminates stuffing box. 
Virtually no mechanical friction so can 
be used for non-lubricating as well as 
lubricating liquids. 


Elimination of end thrust said to give 
high accuracy. Meter has little pressure 
drop, good for high static pressures to 
20,000 psi., temps, to 1,200 F., flow rates 
0.1 to 12,000 gpm. ’ 


No pressure drop except straight line 
loss. Accuracy unaffected by pressure, 
viscosity, density or character of flow. 
Response linear with flow rate. Liquid 
must be slightly conducting. 


Used mainly as a directional or non- 
directional air velocity meter but can be 
enclosed (Section 2g) for use as a flow 
meter. 


True mass flow meters, which measure mass 
directly without a density correction, are in 
general of two main types: (1) those in which 
heat or a 
detected is added to the flow (e.g., dyes, salts or 
radioactive tracers); and meters which impart 
angular momentum to the flowing fluid and 
measure the torque required to do this. 


bstance whose c tration can be 


Used in gas metering for large flows. 
Another type has been used for liquid 
metering. 


Useful over wide range of temperature 
and pressure. No restriction in flow 
tube. Can handle all types of liquids 
except those containing particles or 
bubbles comparable in size to acoustic 
wave length. Maxson type is handled 
by Fischer & Porter for industrial use. 


One type (Inertial Instruments) can be 
used on fluids from 0.2 to 1.5 specific 
gravity, 0.1 to 25 centipoises, tempera- 
tures from —67 F. to 250 F. Weighs 
only 6 lb. Made in types for liquids or 
gases, also with either analog or digital 
output. 


Used for process control, automatic 
batching and the like. Accuracy is in- 

dent of ambient changes in temper- 
ature, pressure, viscosity or volumetric 
flow rate. 
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6 — Liquid Level 


Figs. 79-98—Instruments and devices for measuring level of liquids and solids. 


Principle 
(a) Float Methods 


Gage glasses. Common level method for visual observa- 
tion, showing actual level. Many special types for high 
pressures, low temperature conditions, etc. 

Fig. 79—Tank float and external indicator. Many types 
used with level changes reproduced same size, magnified, or 
reduced compared with actual changes. Properly weighted, 
floats can indicate interface level between immiscible liquids. 


Range 
Limited only by 
tank height. 


Limited only by 
tank height. 


Unlimited. 
Height of displacer. 


Fig. 80—Float controlled valve. With or without inter- 
vening pilot, float can open or close inlet or outlet valve. 

Fig. 81—Buoyancy displacers. Buoyancy of displacer held 
at substantially fixed position varies with liquid depth. 
Pneumatic balance (See Section 25b) can be used to indicate 
buoyant force in terms of level and operate control valve. 
More common take motion out via a torque tube to trans- 
mitter. 

(b) Hydrostatic Pressure Methods 


Fig. 82—Direct hydrostatic, gage on tank. Knowing 
density of liquid, its height above a pressure gage on tank can 
be inferred directly from gage reading. 

Fig. 83—Direct hydrostatic, differential gage. Use of | Limited by available 
differential gage such as a manometer compensates for press- | manometer differen- 
ure over liquid. Differential directly proportional to hydro- | tials. 
static head of liquid. 

Fig. 84—Slack diaphragm (Yarnall-Waring Co.). Differ- 
ential pressure has tic transmission convert- 
ing motion of diaphragm to rotary motion of indicator. 


Limited only by 
tank height. 


0-3,000 psi. static 
6-360 in. w.g. diff. 


Fig. 85—Bell and diaphragm. Air trapped in closed | Limited only by 
system of gage, tube, bell and slack diaphragm measures | tank height. 
hydrostatic pressure directly. 

Fig. 86—Air bubbler system. Similar to bell and dia- | Limited only by 


phragm except that air flow is maintained through dip pipe, | tank height. 
rather than to use trapped air. 

Fig. 87—Differential-pressure bubbler system. Used in- 
stead of Fig. 86 where tank is under pressure. Back pressure 
in dip pipe is piped to one side of manometer, tank pressure to 
other. 

Fig. 88—Altitude valves (Golden-Anderson). Controls 
main valve through water-pressure pilot to admit water to 
elevated tank. Head in tank is balanced by spring S on 
diaphragm D. Head increase lowers pilot valve V, closes 
leak L, applies main line pressure to top of piston P. Since 
area of P exposed above is larger than below, main valve 
closes. If head decreases L opens, V closes and P opens. 


Limited only by 
tank height. 


2 to 36 in. pipe size. 


Acc'y (p. 288) 


About 0.02 in. 


About 0.02 in. 


Variable. 
High. 


1%. 


About 1%. 


+2% or better. 


About 1%. 


About 1%. 


About 1%. 


Controls within 
3 to 12 in. 
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Applications and Remarks 


Where applicable this is the simplest and 
most direct method for level measure- 
ment. 

Commonest method of indirect level indi- 
cation; simple, reliable; introduces prob- 
lemsin pressure tanks, but can be handled 
with various transmissions, e.g., Fig. 214. 
Fischer & Porter makes float gage with 
nagnetic follower Gems Co. makes level 
alarm on same principle. 

Commonest method of level control. 


System now being used extensively where 
high-precision control is needed, perhaps 
85% of control installations. 


Limited to tanks not under pressure. 


Suitable for tanks under pressure. With 
transmitting manometers, level indication 
can be transmitted long distances. 


Used for level measurement in boilers, 
heaters, process vessels under pressure. 
Also for other differential pressure pur- 
poses such as flow measurement. 
Suitable for tanks not under pressure 
where direct gage connection to tank is 
undesirable. 

Widely used with practically all kinds of 
liquids, including corrosives. Requires 
about 3 cfh. air. 

Uses similar to Fig. 86. 


Used to hold constant heads in elevated 
tanks. 
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6—Liquid Level (Cont. ) 


Principle 
(c) Other Methods 


Weighing vessel. In a scale-balanced vessel, height of 
liquid is proportional to weight. Variation of this is to 
weigh or spring-balance a small auxiliary vessel attached top 
and bottom to main vessel through flexible leads. 

Fig. 88—Temperature-change detector (Gulton Industries). 
Self-heated thermistor in a bridge circuit changes its resistance 
when surrounding medium changes from air to liquid, un- 
balancing bridge and operating relay to control filling system. 

Vig. 90—Liquid conduction. Probes installed at desired 
high and low levels. By conduction of electricity probe 
circuits operate valves, pumps or signals. Can be used with 
electronic amplification for low-conductivity liquids, e.g., 
units of B/W Controller Corp., others. 


Fig. 91—Gage glass automatic detection. Level in gage 


glass at control point can be detected by c plates in 
an oscillator circuit, or by reduction of light received by a 
photocell. 

Capacitance probe (Fielden Inst. Div.). Glass-covered 


probe for high, or high and low levels, detects level or inter- 
face level by capacitance changes, using oscillator electronic 
circuit. Conducting liquid unnecessary. This type not for 
continuous levels. See Fig. 94. 

Fig. 92—Eddy current liquid metal gage (Nuclear Develop- 
ment Corp. of America). Audio signal generator is used asa 
source for a balanced inductance bridge. Inductance of one 
arm of bridge, located in probe, changes due to proximity of 
liquid metal whose level is measured, due to eddy currents 
induced therein. Bridge is nulled opposite metal. When 
it reaches air-metal interface, bridge is unbalanced. 


Range 


Limited by practical 
considerations. 


Most liquids. 


Liquids must have 
some conduction. 


Limited only by gage 
glass. 


Unlimited. 


Liquid metal in non- 
magnetic containers. 


Ace’y (p. 288) 


High. 
+0.1 in. in any 


depth. 


High 


High. 


To 1/32 in. 


to 1/16 in. 


Applications and Remarks 


Where practical this is the most accurate 
method readily available. Auxiliary tank 
method has been used on pressure vessels. 


Simple system for level detecting, or con- 
trol of filling or emptying. 


Used for high-low control for signalling. 
Cannot indicate intermediate levels. 


Suitable for control or signalling in tanks 
equipped with a gage glass. 


Can distinguish between liquid and 
foam. Glass coating makes probe proof 
against corrosion. Available for both 
electric and pneumatic control. 


Expected to be used with liquid-metal 
heat-transfer media in nuclear field. 


Fig. 96—Gamma ray gage. One or more sources of gamma 
radiation within solids-containing vessel give off radiation 
detected by Geiger counter outside vessel. Absorption 
depends on density and length of path through solids so radia- 
tion received is inversely proportional to level (or density). 
Atomic battery (Ohmart, Section 4) may be used for detection. 

Fig. 97—Flexible diaphragm (Bindicator Co.). Flexible 
diaphragm in bin wall moves if contacted by solids, thus 
operating switch. When level falls, spring returns diaphragm 
and switch to former position. 

Fig. 98—Rotating paddle (Fuller Co., others). Paddle P 
at desired top level is rotated by a motor M mounted so that 
increased torque operates switch when solids reach paddle. 

Pendant cone (Stephens-Adamson Mfg. Co.). Cone with 
apex upward is suspended from housed switch so that move- 
ment in any direction from vertical by solids makes contact. 

Balanced paddle (Conoflow Corp.). Paddle on horizontal 
arm extending into vessel through diaphragm seal is balanced 
by pneumatic-balance transmitter. Contact with solids 
unbalances arm, transmits to indicator or controller. 

Slack detector (Dracco Corp.). Small weight w on a cable 
is lowered periodically into bin by a cycle-controlled winch W. 
When it strikes solids a slack detector D stops and reverses 
winch, leaving indicator S at corresponding position. Cycle 
then repeats so that indicated level is corrected each cycle. 

Weighing vessel. Knowing vessel diameter, weighing 
vessel and contents is most accurate method of determining 
solids level, where practical. 

Noise control for grinding mill level (Hardinge Co.). Micro- 
phone near a ball, rod or tube mill indicates sound level at 
which material level in mill is optimum for maximum grinding 
action. Microphone output amplified, used to control feeder. 


About 2 ft of solids 
level per source, de- 
pending on density. 


Unlimited. 


Unlimited. 


Unlimited. 


Unlimited. 


Any practical height. 


Limited by practical 
considerations. 


Limited only by 
available mill sizes. 


High. 


High. 


High. 


High. 


Fig. 98—Electronic level gage (Gilbert & Barker Mfg. Co.). | Unlimited. +1/16 in. No possibility of float sticking. Can 

Level-sensing device is a small radio antenna in an cpen- telemeter long distances. Also teleme- 
end cylinder. Minute r.f. signals radiated by antenna are ters temperature readings at the same 
affected by submersion. More submersion weakens signal. time. 
Return signal sent up same cable retains same strength. 
Electronic unit compares up and down signals, moves sensing 
unit (as a surface follower) by means of servo motor to hold 
signal ratio constant. Tape supporting sensing unit then 
reports level by measuring hoisting drum position, telemeter- 
ing to remote indicator. 

Fig. 94—Continuous capacitance gage (Fielden Inst. Div., | Up to 200 ft. depth. Can be used also for solids depth. Elec- 
others). Insulated metal electrode is one side of a capacitor, trode can be protected against corrosive 
other side being tank wall. Variations in dielectric character materials. Indicators may be at remote 
of material between electrode and vessel wall as air-n aterial panel. 
interface moves are measured on a capacitance bridge as 
level. 

Ultrasonic gage (Gulton Industries, others). Electronically | Limitedonlybytank | 1%. Particularly useful with corrosive liquids 
vibrated transducer in vessel bottom sends ultrasonic wave | height. since transducer is outside tank. Second 
upward. Wave reflected back from surface to transducer is transducer path across fixed distance is 
reconverted to an electric impulse. Round trip timed used to correct inaccuracies. 
electronically. 

Fig. 95—Gamma ray absorption. Gamma ray source in Can be used where most other level 
vessel gives off radiations detected by Geiger counter tube methods might be banned for safety 
outside tank. Geiger output decreases as level rises and can reasons. No opening is needed through 
be calibrated in terms of level. For wide range coverage vessel. Can be used to control. 
several gemma sources are used at different levels. Geiger 
output is amplifed and converted to d.c. proportional to 
pulse rate. Atomic battery (Ohmart, Section 4) may be 
used for detection instead of a Geiger counter. 

7 — Solids Level 
Principle Range Acc’y (p. 288) Applications and Remarks 


Used in solids bins, fluid and other cat 
crackers. Requires no opening or con- 
nection through vessel wall. Knowing 
height, can be used to determine density 
of fluidized beds. 


One unit can be used to detect high or low 
level of solids. Two detect high and low, 
to operate signals or conveyors. Inter- 
mediate levels detected similarly. 

Can be used only for top level detection 
but can operate signal or shut off con- 
veyor. 

Can be used only for top level detection 
but can operate signal or shut off con- 
veyor. 

Designed to measure level of hot catalyst 
at temperatures to 1,000-1,100 F. Rapid 
response. 


Intended primarily for continuous indi- 
cation and recording of level in bins but 
can also be used for control. 


Uncommon method limited by expense of 
weighing large bins. Strain-gage weigh- 
ing may increase use. 

Work being accomplished by mill is 
directly related to amount of sound pro- 
duced. Method prevents over- or under- 
loading without operator attention. 
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Poise-retracting 


(a) Fixed Load Weighing 
Fig. 99—Uneven-balanced scale. Simplest form, the steel- 
yard, shown in Fig. 99, illustrates principle of most weight- 
balanced industrial scales. Unknown weight on a short 
moment arm is balanced by movable known poise (or known 
weights plus poise) on along moment arm. Industrial scales 
(e.g., Fig. 102) introduce additional] levers between unknown 
weight and beam which increase ratio of unknown to poise. 
Fig. 100—Pendulum-balanced scale. One or more pen- 
dulums balance increasing loads as they move from vertical 
(zero) to horizontal (maximum). Because load balanced 
varies as sine of displacement angle, cams are used to give 
linear scale graduation. Cam may be on pendulum or on 
pointer. Metal tape transmits motion. 


Fig. 101—Spring-balanced scale. Spring deflection within 
limits is directly proportional to load, so deflection can be used 
as a measure of weight supported. 

Hydraulic (spring) balanced scales. Force produced by 
load is detected by liquid-filled capsular element, transmitted 
to spring-loaded pressure-sensitive element. 

Tension-balanced load cell (strain gage) (Baldwin-Lima- 
Hamilton Corp.). See Sections 3 and 2c, Fig. 35. Strain 
gages bonded to calibrated tension element measure load in 
terms of lengthening of element. Resistance change in strain 
gage is measured by a bridge circuit. Unbonded strain gages 
may be used for smaller loads. 

(b) Moving Load Weighing 

Fig. 102—Semi-continuous feed-belt weigher (Richardson 
Scale Co.). Scale-balanced weigh belt controls operation of 
a feed belt. Scale belt runs continuously but is fed inter- 
mittently with loads shorter than its full length so that a 
definite increment is weighed. Incr ts come close to- 
gether, approximate continuous flow. 

Scale-mounted feed tank (liquids). Feed tank on scale is 
filled to set point, after which feed valve is closed. Tank 
discharges automatically, weight is registered and cycle re- 
peats. Variation used for accurate weight rate of feed allows 
liquid to discharge only as fast as weight setting of scale 
decreases through action of motor-driven beam poise (Pro- 
portioneers Inc.). 


To 400,000 Ib. or 
more. 


Same as beam scales 
since lever reduction 
can be used ahead of 
pendulum mecha- 
nism. 


Generally used for 
moderate weights. 


Used mainly for 
moderate to large 
loads. 

Up to 50,000 Ib. per 
load cell. 


Limited only by 


practical weight tank 


size. 


Poise -retractin i Pick- 
¥ motor x -+ Poise Poise C motor 
Vibrating 
Con- 
troller 
| 
109 ¥ V.S.drive Controller Weight 
Sheet 
Reeds of varying 
Caliper roll Crystal head Speed measured _ lengths 
| 4 100 3 Vibrate 
= NS Metol visibly 
Figs. 99-117—Devices for measuring weight, weight rate of flow, thickness and speed. 
8—Weight and Weight Rate of Flow 
Principle Range Acc’y (p. 288) Applications and Remarks 


About 0.1% of 
actual weight is 
possible. 


Same as beam 
scales. 


Can be as high as 
0.05%. 


High. 


4%% full seale. 


High. 


0.1%. 


bulk materials and for batching of solids. 


Most widely used weighing method for 
industrial use. Includes manual and 
automatic types. Indications on dial 
available. Some types print weight auto- 
matically. 


Commonly used in both commercial and 
industrial scales, especially where dial in- 
dication of weight is desired. Available 
in recording and printing types, also with 
photoelectric cut-off. Toledo has de- 
veloped remote digital recording for 
scale. 

Commonly used for small commercial 
scales, but is also used to balance beam in 
automatic industrial scales. 

Used in crane-hook scales and other in- 
dustrial applications. 


Used for both stationary and moving 
loads. Easily weighs tanks, bins and 
hoppers. Made also in automatic print- 
ing type (Streeter-Amet Co.). 


Used to record receipt and withdrawal of 


Used where accuracy of other methods 
such as volumetric or head-type flow 
metering, or pump displacement, is in- 
sufficient. 
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8—Weight and Weight Rate of Flow (Cont.) 


Principle 

Fig. 108—Continuous conveyor scale. Scale-balanced 
section of belt conveyor used to totalize continuous loads is 
made in many variations. Various forms of automatic 
weighers used including spring-balanced beams, strain gage 
load cells and motor-driven-poise self-balancing scales. 
Totalizer integrates instantaneous loads with belt speed to 
take care of possible belt speed variations. 

Fig. 104—Radioactive transmission gage, absorption type. 
(See also Section 9 and Fig. 105.) (Industrial Nucleonics 
Corp., others.) Beta or gamma radiation from a radioactive 
source passes through moving web of material to an ionization 
chamber. Attenuation of signal is a measure of the weight of 
material passing. Recorded as either weight or thickness. 

Fig. 105—Radioactive transmission, back-scattering type. 
(See also Section 9 and Fig. 104). (General Electric, others.) 
Variation of absorption type where source and ion chamber 
are on the same side of material measured, radiation reflected 
from a backing plate being measured. Measures either 
weight passing or thickness, depending on calibration. 

Fig. 106—Volumetric solids meter (Bailey Meter Co.). 
Spiral vane suspended in a duct containing moving solid ma- 
terial rotates without slip in proportion to motion. Con- 
nected register records revolutions in terms of integrated 
volume or weight passing. Can transmit to remote integrator. 

(c) Weigh Feeders 

Fig. 107—Scale-balanced belt feeder (Schaffer Poidometer). 
Scale-balanced feed belt controls setting of feed hopper gate 
to maintain constant weight on belt. 

Fig. 108—Balanced weigh belt, mechanical feeder (Omega 
Machine Co.). Short feed belt carried on a scale is fed by a 
mechanically vibrated tray (smaller than shown, in later 
models). Oscillation of tray, controlling feed rate, is governed 
by sca e beam through raising or lowering of a resilient wedge. 

Fig. 109—Loss-in-weight feeder (Omega Machine Co.). 
Scale hopper is discharged by a star feeder driven by a 
variable-speed drive. Scale beam counterpoise is retracted 
continuously by a constant-speed motor. Pneumatic con- 
troller acts to hold beam in balance by matching discharge 
rate to feed rate set by retracting poise. 

Fig. 110—Balanced belt, electric vibrating feeder (Syntron 
Co., other). Weight of material on a short feed belt is con- 
trolled continuously by automatically adjusting the vibration 
amplitude of an electrically vibrated trough feeder. 

Fig. 111—Loss-in-weight feeder (Syntron Co.). Scale 
hopper is discharged by an electric vibrating feeder. Scale 
beam counterpoise is retracted continuously by a constant- 
speed motor. Electronic pickup and control system adjusts 
feeder rate to match feed rate set by retracting poise. 


Range 


Limited only by con- 
veyor sizes available. 


Usual thicknesses of 
sheet materials. 


Usual thicknesses of 
sheet materials. 


For spouts 10 in. 
diam. or larger. 


Moderate range. 


Feed range adjust- 
able. 100 to 1 range. 
Up to 10,000 lb./hr. 


100 to 1 feed range. 
Up to 40,000 Ib. /hr. 


Wide range. 


3-cu. ft. hopper. 


Acc’y (p. 288) 


to 2% depend- 
ing on % of rated 
load. 


1-2% or better. 


1-2% or better. 


+3% of actual 
material weight. 


1% of feed rate. 


of feed rate. 


Less than 1% 
error. 


Applications and Remarks 


Commonly used on bulk materials where 
continuous record is needed for inventory 
purposes. Such scales give quick re- 
sponse to load variations. Somesubtract 
weight of material sticking to return belt. 


Used for continuous measurement of 
weight per unit area (or thickness) of 
moving webs of sheet materials such as 
paper, rubber, plastics, coated fabrics, 
metals. Unaffected by water, surface 
finish, etc. 

Used for continuous weighing or thickness 
measurements on moving webs of sheet 
materials such as paper, rubber, plastics, 
coated fabrics, metals. Also for thickness 
of surface coatings on metal, e.g., tin, 
plastics. 

Device used on spouts not over 20° from 
vertical. Being volumetric, it must be 
calibrated on material handled to permit 
conversion to weight flow. 


Used for feeding solids at constant rate 
to processes. 


Used on all types of free-flowing solids for 
both feeding and proportioning. Vari- 
able-speed star feeder may be substituted 
for vibrator. 


Handles dry materials in chemical, ferti- 
lizer, plastic and other industries. Can 


be granular, lumpy, stringy, etc. Foise 
retraction speed is adjustable. 
Suitable for free flowing solids. Adjust- 


able over wide range. 


Handles dry chemicals and similar ma- 
terials. Poise retracting speed is fully 
adjustable. 


9 — Thickness and Displacement 


Principle Range Acc’y (p. 288) Application and Remarks 
Fig. 112—Caliper roll. Roll riding on moving sheet | Usual thicknesses of | Variable depend- Suitable for moving webs of sheet ma- 
or material above a fixed reference roll shows thickness by | sheet materials. ing on construc- terials where physical contact will not be 
rd distance from reference. Measurements multiplied in various tion. harmful. 

‘al ways such as mechanically, or by strain gage. 

a Pneumatic jet. Moving sheet material passing over a | Usual thicknesses of | High. Variations of this system have advantage 
reference roll can be gaged by backpressure in a jet directed | sheet materials. that physical contact with moving web is 
at, and close to, the surface. Can be hooked intoa pneumatic not required. 
force-balance system for amplification and transmission of 

d indication. Jet can also be used for edge tracking (Askania}. 

< Fig. 113—Ultrasonic r gage (B Instru- | 1/16 to 12 in. metal | 3% or better. Calibrated from known thickness of ma- 

le ments). Ultrasonic wave from a crystal head in contact with | thickness. terial to be measured. Can determine 

h tested material passes through material, reflects back to head. thickness of pipes, vessels, etc., where 

© When round trip time equals vibration frequency, resonanceis other surface is not available. Used in 

ir attained, causing increase in circuit power. Frequency set checking for corrosion. 
by adjusting values of Cand L. Point of maximum energy 

il absorption determined from microammeter M. 

n Beta and gamma ray absorption and back-scattering. See | Usual thicknesses of Used for continuous thickness measure- 
Section 8b, Figs. 104, 105. Same principle is used for | sheet materials. ments on web materials such as paper, 

e measuring thickness as for weight. Weight actually measured, rubber, plastics, coated fabrics, metals. 
but can be calibrated in thicknessif density is constant. Simi- Unaffected by water, finishes, etc. 
lar principle used in detecting corrosion thinning of pipe and 

7 tank walls by measuring thickness from one side. 

i X-ray back-scattering (Philips Electronics, Inc.). X-ray | Usual tin plate High. Used specifically for tin plate. 

beam set at 70° from surface of moving sheet of tin plate | thicknesses. 
produces secondary radiation from steel backing which is 
back-scattered to Geiger tube. Intensity of secondary radia- 
tion is a function of tin plate thickness. Duplicate units 
on both sides gage both surfaces. Two-beam type (Applied 
Research Labs.) compares reflected K radiation from tin 
with scattered radiation from parts of spectrum independent 
of tin thickness, recording ratio of two types as weight. 

10 — Velocity (Linear and Angular) 
Principle Range Acc’y (p. 288) Application and Remarks 
Air-speed indicators. Include such devicesascup and vane | Various. Various. Used in meteorology, flight, air condition- 
anemometers, hot-wire anemometer and pitot tube (Sect. 3). ing and ventilation. 
Conversion of linear to angular velocity. Speed of moving Used for measuring output of processes 
surfaces such as moving web or surface of drum or roll can producing web materials. 
be measured by contact with a wheel of known circumference. Continued next page 
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10—Velocity (Linear and Angular) (Cont.) 


Principle 

Fig. 114—D.c. gneto tach ter. Small permanent 
magnet generator produces a voltage directly proportional to 
speed of rotation. Measured by voltmeter. 

A.c. generator tachometer (General Electric Co.). Single- 
phase alternator driven at speed to be measured produces 
frequency directly proportional to speed. 

Magnetic drag tachometer. Type used in automobile 
speedometers. Rotating magnet induces eddy currents in a 
surrounding aluminum cup, tending to drag cup with it in 
proportion to speed. 

fig. 115—Centrifugal governor. Flyballs, restrained by a 
spring, compress spring proportional to square of speed. 

Fig. 116—Velocity head meters. Small centrifugal pumps 
and blowers deliver an output to a manometer or gage where 
velocity head is converted to static pressure. 

Fig. 117—Vibrating reed (Jas. G. Biddle Co.). Meter con- 
tains a set of consecutively tuned steel reeds. When a vibrat- 
ing machine part contacts meter, any reed tuned to resonance 
with the vibration frequency will respond visually. 

Stroboscopes. For measurement of rotational speed or 
other cyclic movement, stroboscopes can be used to “‘stop the 
motion’’, Speed of the stroboscope itself is then measured 
without need to contact the rotating part. Stroboscopes are 
of various types, all permitting the moving object to be 
viewed once per cycle, as with shutter or flashing light. 

Tachometer transmitter (Foxboro). Magnetic drag disk 


Range 
1 to 5,000 rpm. 


0 to 4,000 rpm. 


0 to 2,000 rpm. 


Top about 40,000 
rpm. 


600 to 100,000 
rpm. 


Unlimited, by use 
of harmonics. 


Various from zero to 


Ace’y (p. 288) 
Up to about 1%. 


About 4%. 


Up to 10%. 


1% or better. 


Can be high. 


0.5% of actual fre- 
quency or better. 


Synchronization 
perfect. 


Applicatiens and Remarks 
Commonest industrial rotational speed 
device. For speeds beyond its range can 
easily be geared. 

Needs less maintenance than d.c, ta- 
chometers since it has no commutator 
or brushes. 


Used chiefly for speed regulation rather 
than 


measurement. 
Not much used industrially. Calibrated 


in terms of speed of the pump or blower. 
Capable of measuring very high vibration 


frequencies. Needs contact only witha 
non-moving part of rotating machine. 


Main use in experimental work, trouble 
shooting 


Developed for industrial systems. 


torque is transmitted by a pneumatic force-balance system. | 12,000 rpm. 
Output pressure is directly proportional to speed of rotation. 
11 — Fluid Density and Specific Gravity 
Principle Range Acc’y (p. 288) Applications and Remarks 


(a) Weight methods — Hydrometer 

Fig. 118—Hand hydrometer. Weighted float with small 
diameter stem at top sinks’ in liquid to depth proportional to 
specific gravity, scale is read at liquid level. 

Fig. 119—Photoelectric hydrometer (Ess Instrument Co.). 
Glass hydrometer in continuous flow vessel has opaque stem 
which rises or falls in front of a slit. Illumination on one 
side of slit passes through, falls on photocell. Stem position 
determines t of light passing, hence output of photo.cell 


(b) Weight methods — Fixed Volume 


Fig. 120—Balanced flow vessel. Fixed volume vessel 
through which liquid flows continuously is weighed auto- 
matically by scale or force-balance transmitter. 

Fig. 121—Gas specific gravity balance (Alpha-Lux). 
Weight of tall gas column is measured against air by floating 
bottom of gas vessel, which is scale-balanced. 

Fig. 122—Buoyancy gas balance (Edwards). Displacer on 
balance beam in vessel is balanced for air and manometer 
reading noted at exact balance pressure. Air then displaced 
by gas and pressure adjusted until bal again attai 
Ratio of pressures is density relative to air. 

Industrial specific gravity displacer. Similar to displacer 
for level measurement (See Section 6a) except that float is 
submerged and is counterbalanced externally. 

Fig. 123—Gas density balance (A. O. Beckman). A null- 
balance instrument. Gas density measured by buoyancy of 
one ball of dumbbell compared to other ball which is punc- 
tured and is not subject to buoyancy effects. Rotation of 
rhodium-coated dumbbell about horizontal quartz fiber pro- 
duces electrostatic force between electrodes and the suspen- 
sion. Balancing potential is obtained and measured by the 
amount of light received a phototubes Piand P:. Rebalance 

tial nulls bal ded as gravity relative to air. 

Fig. 124—-Chain-balanced-float density recorder (Precision 
Thermometer & Instrument Co.). Bob in continuous flow 
vessel is weighted to carry half the weight of a light chain 
when submerged in median density liquid at midpoint in its 
range. Chain attached to bottom of float and to vessel wall 
at half height. Density increase causes float to rise, support- 
ing more chain; decrease, to sink, supporting less chain. 
Float position transmitted by differential transformer. 


(c) Other methods 


Fig. 125—Differential air bubbler (Petrometer Corp.). 
Air at regulated pressure and quantity is bubbled through 
two dip tubes of different lengths submerged in liquid. 
Differential pressure is a measure of the weight of liquid 
column between dip tube ends, hence of specific gravity of the 
liquid. Head D of indicating liquid is directly proportional 
to specific gravity of liquid in tank. 

Fig. 126—Differential air bubbler. Same principle as 
Fig. 125 except uses diaphragm type manometer. 

Fig. 127—Viscous-drag gas density meter (Ranarex type, 
Permutit Co.). Driven impellers in standard and test gas 
chambers produce opposite rotation in gas columns. Non- 
rotating impellers coupled together by linkage measure rela- 
tive drag, balance point depending on relative density. 

Fig. 128—Boiling point elevation. Compares temperature 
of boiling solution with that of water boiling at same pressure. 
For particular solution, boiling point elevation can be cali- 
brated in terms of density at standard temperature. 


Adaptable to any 
specific gravity. 


Any specific gravity 
of liquids. 


Any specific gravity 
of liquids, 


Any density of gases. 


Any density of gas. 


Any liquid density. 


0 to 2,000 relative to 
air. 


Liquid gravity range, 
0.6 to 3.5 sp. gr. 


Any liquid density. 


Any liquid density. 


Usual industrial 
gases, 


One dissolved com- 
ponent or mixtures 
of fixed composition. 


Third or fourth 
decimal place. 


Second or third 
decimal place. 


High. 


High. 


Fourth decimal 
place. 


Second or third 
decimal place. 


High. 


0.001 sp. gr. units. 


About 0.3 to 1%. 


About 0.01 sp. gr. 


High. 


Widely used where automatic operation 
is not needed. 


Suitable for all specific gravity recording 
applications not harmful to glass. Vari- 
ous ranges available. Sensitivity de- 
pends on range. 


Generally applicable to automatic density 
control. 


Similar to but more convenient than two- 
pipe system described above. Suitable 
for any gas. Can be made recording. 
Used mainly for high-precision laboratory 
measurements. Cannot be adapted to 
continuous measurement. 


Widely used method for industrial record- 
ing and contro! of liquid density. 


Continuous measurement of a process 
stream. Compensated for barometric 
changes. Calibrated manually on known 
reference gas, usually air. Single range 
has tota! span of 0.100 units; multi-range 
is 1.000 units relative to air. 


Can be used for recording and/or control. 
Available to resist most corrosive condi- 
tions. Suitable for practically any liquid. 
Note this is a method of actually weighing 
fixed volume of liquid. Can be corrected 
for temperature variations. 


Suitable for practically all liquids except 
those which will crystallize in the measur- 
ing pipes. Can be used on suspensions, 
on stationary or flowing liquids. Can 
use liquid instead of air. 


Same as Fig. 125. 


Often used for determining compensation 
of binary gas mixtures—an analysis 
rather than a density instrument. Cali- 
brated on gases to be measured. 


Method used in evaporators for determin- 
ing end-point _of evaporation. _ Com- 
monly uses resist: ther s to 
record difference in the two 
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Figs. 118-137—Instruments for measuring liquid and gas density and liquid viscosity. 


12 — Viscosity and Consistency 


Principle 

Fig. 129—Timed discharge through nozzle. Method of 
viscometers such as the Saybolt. Vessel with short capillary 
tube has discharge timed at desired temperature. 

Fig. 130—Pressure drop through friction tube. Liquid 
pumped at constant rate through friction tube in viscous flow. 
Pressure drop across ends of tube is measured by pneumatic 
force-balance type differential pressure transmitter in terms 
of absolute viscosity. Gives direct solution to Poiseuille’s 
equation. 

Fig. 131—Timed fall of ball or rise of bubble. Time for 
fall of metal ball or rise of bubble through liquid confined in 
tube is proportional to absolute viscosity since in either case 
liquid flows in viscous flow through a definite restriction. 

Fig. 132—Continuous consistency meter (Fischer & Porter 
Co.). Gear pump diverts a portion of product stream 
through flow bridge where a pressure differential between two 
reference points is established. The differential pressure is a 
direct measure of the consistency of the material. 

Fig. 133—Ultra-Viscoson continuous viscometer (Bendix 
Aviation Corp.). Ultrasonic waves are applied to a thin 
magnetostrictive alloy-steel Llade. Rate at which oscilla- 
tions of the blade are damped is a of viscosity of the 
sample. Relation between damping and viscosity is solved 
continuously bv a computer. 

Fig. 134—Viscometer (Norcross Corp.). Piston is raised 
in a timed sequence and falls by gravity through liquid. 
Clearance between piston and cylinder forms measuring 
orifice. Time of fall is recorded as a measure of viscosity. 

Fig. 135—Drag torque on stationary element in rotated 
cup. Some types use a cylinder, others a paddle as shown 
(Brabender). Liquid cup rotates at constant speed, sta- 
tionary element is restrained by calibrated spring which, by 
angular displacement, measures torque in terms of viscosity. 

Fig. 136—Torque to rotate a torque element in a liquid 
(Brookfield Eng. Co.). Synchronous motor drives vertical 
spindle with disk, paddle or cylinder submerged in test liquid. 
Drive is through calibrated spring. Angular Jag of spindle 
behind motor is proportional to viscosity and is measured 
in various ways. Controller detects angle of displacement 
by periodic electric contact. Recorders adapted to this 
device by several instrument makers measure angle three 
ways: capacity change, resistance change and timed impulse. 
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Range 
Low to moderately 
high. 


Up to 3,000 cp. 


Used primarily for 
high viscosities. 


0 to 50,000 
(in 4 steps) 
centipoise-grams /cc. 


0.1 to 
centipoises, 


Wide range, 
Newtonian and 
non-Newtonian. 


0 to 500 poises, with 
minimum span of 0 
to 1 ep. 


Acc’y (p. 288) 
High. 


0.2 cp. in span of 
50 ep. 


High. 


High. 


1 to 2%. 


Applications and Remarks 
Commonly used for expressing viscosities 
of oils. 


Can be used for wide range of industrial 
liquids, for remote recording and control. 
Extremely simple and foolproof. Re- 
quires no attention. 


Both are laboratory methods commonly 
used in measuring oil viscosity. Ball 
method can be timed with great accuracy 
by field coils at start and finish. 
Measures, records and controls the con- 
sistency of fibrous or pulpy slurries. 


Ultra-Viscoson can be used in Newton- 
ian liquids, non-Newtonian liquids and on 
high polymers. Probe can be immersed : 
in any process vessel as well as in labora- By 
tory equipment. 


Covers the same range of materials as 
Fig. 133. 


Primarily a laboratory instrument but 
may be equipped to record. Bowl is 
often surrounded by thermostatic housing 
for close temperature control. 


Can be used in open or closed vessels, 
under pressure or vacuum, at high or low 
temperatures. Used for both Newtonian 
and non-Newtonian liquids or suspen- 
sions. 


Continued next page 
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Figs. 138-155—Instruments for pH, thermal and electrical conductivity, calorific value and humidity. 
12—Viscosity and Consistency (Cont.) 
Principle Range Acc’y (p. 288) Applications and Remarks 
Fig. 137—Viscosity-sensitive rotameter (Fischer & Porter | Up to 400 centi- Suitable for both Newtonian and non- 
Co.). Rotameter bobs can be designed for either sensitivity | stokes; special type Newtonian liquids and suspensions in 
or immunity to viscosity. With constant flow rate a sensi- | to 1,000,000 cp. continuous flow. Used for visual and 
tive bob can be calibrated for viscosity. One method is to remote readings and control. 
use immune bob to set flow rate at index mark. 


13 — pH Concentration, Oxidation — Reduction Potential 


(See Fig. 138) pH is measure of effective acidity H-ion concentration. Result measured with intypesof pHOtopH 14. It develops potential 
proportional to H-ion concentration. Calomel 


or alkalinity as concentration of hydrogen ions. 
Numerical measure is negative logarithm of the 
concentration. Fundamental method, used in 
calibration and laboratory work, is hydrogen 
electrode vs. standard calomel electrode. Both 
electrodes, in liquid to be measured, at standard 
temperature, produce potential proportional to 


potentiometer. 

Other electrodes used include antimony and 
quinhydrone, not much used now; and glass elec- 
trode, now generally used. Fig. 138 shows glass 
electrode and calomel reference electrode. Glass 
electrode is thin glass bulb with silver electrode 
immersed in silver salt solution, now available 


electrode produces fixed potential regardless of pH. 
Its inner tube contains calomel and mercury, is 
immersed in outer tube containing saturated 
KCl. Electrical contact with test solution is 
through ground joint or capillary leak G. 


Principle 

Fig. 139—Electrometric method. Potential produced by 
PH electrodes (see above) is measured by sensitive amplifier 
and self-balancing potentiometer. Circuit shown is that of 
Bailey Meter Co. using Beckman electrodes. Circuit con- 
tains resistance thermometer (not shown) for automatic 
temperature compensation. Potential of high-resistance glass 
half-cell vs. standard calomel half-cell is amplified electronic- 
ally, then balanced vs, fixed voltage in d.c. potentiometer. 
Potentiometer battery is standardized periodically vs. stand- 
ard cell SC, by switching SC into circuit instead of pH cell. 
Potentiometer output, if unbalanced, is converted to a.c., 
amplified, and applied to potenti 1 motor M 
which adjusts slide-wire s for re-balance. Position of S 
determines pen location, calibrated in pH. 

Fig. 140—Colorimetric method. Inferential method of pH 


measurement based on fact that various indicators will give 
color changes dependent on pH. Colors then compared with 
color standards using a visual comparator, principle of which 
is shown in figure. Tubes 1, 2 and 3 hold color standard, 
distilled water and next higher color standard. Tubes 4, 5 
and 6 _ test material, material plus indicator, and test 
material. 


Standards changed in 1 and 3 until matched. 


Range 


Various electrodes 
cover various ranges 
from pH 0 to pH 14. 


0.2 to 13.6 pH. 


Acc’y (p. 288) 
0.02 pH or better. 


0.1 pH. 


Application and Remarks 


Used for measurement and control in 
numerous applications in practically all 
process industries for controlling reac- 
tions, measuring product quality, con- 
trolling flocculation and coagulation, con- 
trolling waste effluents, etc. 


Used in laboratory and plant work 
wherever manual pH measurement is 
desired. Much less costly than electro- 
metric equipment. 
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13 — pH Concentration, Oxidation—Reduction Potential (Cont. ) 


Fig. 141—Conductivity cells in a.c. bridge. Electrical con- 
ductivity of solution is a measure of all ions present. Cell 
consists of two inert electrodes placed in solution, with im- 
pressed a.c. flow to avoid polarization. Connected in wheat- 
stone bridge circuit, this measures conductivity as resistance 
in comparison with bridge resistor R. For temperature 
compensation, alternate method uses sealed reference cell of 
same solution. Bridge may be self-balancing type (Section 24) 
often with cathode ray null indicator (Industrial Instruments, 
Inc.). 

Gas analysis by water conductivity (Davis Instruments). 
Conductivity of distilled water is measured before and after 


From as low as 0.01 
ppm. dissolved solids 
to as high as oleum, 


Used only for gases 


Usually 1% of 
actual concentra- 
tion. Precision 
methods, 0.1%. 


Prineiple Range Acc’y (p. 288) Applications and Remarks 
Oxidation-reduction potential (Beckman Instruments, Inc., Can be tsed to follow progress of redox 
others). In ‘‘redox’’ reactions negatively charged electrons reactions and control addition of reagents. 
are, transferred between reactants, e.g., ferrous ion losses an Equipment same as that for pH except 
electron, becomes ferric (is oxidized or gains increased positive for substitution of gold or platinum 
charge). Such a reaction does not necessarily involve presence electrode for glass electrode, and chang 
of oxygen. Reduction is reverse. Inert metal e.ectrode vs. in instrument calibration. Being used 
calomel reference electrode (c.f. pH measurement) will de- in waste treatment, bleach production, 
velop potential showing balance of oxidized vs. reduced ions pulp and paper bleaching. Suited for 
in solution. Must be corrected for temperature and pH. relatively high temperature, pressure. 
Result is Eh. 
14 Electrical Conductivity 
Principle Range Acc’y (p. 288) Applications and Remarks 


d 


Used mainly for Z 

water leaks into condensate, determining 
exhaustion of deionizing beds. Also proc- 
ess applications where strength of single- 
component solutions is to be measured. 
Can be used for recording and/or alarm. 
Can be used (Leeds & Northrup) for de- 
termining carry-over in steam from 
boilers and evaporators by condensing 
steam. 


Suitable for gases directly ionizable in 


identical heated wires, one in test gas, one in standard gas, is 
measured in terms of resistance change. Shows relative 
thermal conductivity which in many binary mixtures can be 
expressed as composition of test gas. Conductivity varies 
widely for various gases. 

Double-cell, double-pass type. Multi-component mixture 
to be analyzed for one component is passed through first cell 
of Fig. 142, then mixture is altered so as to change con- 
ductivity of component to be measured, by burning, absorp- 
tion, etc. Finally mixture passes through second cell. 
Difference measures wanted component. 

Four-cell conductivity-convection type (Mine Safety Ap- 
pliances Co.). To give added sensitivity this type uses a 
conventional cell, in which thermal conductivity is the main 
source of heat loss, in series with a larger diameter cell where 
both conductivity and convection heat losses occur. Larger 
cell loses heat faster, but the difference becomes greater as 
the thermal conductivity of the gas decreases. Method 
therefore amplifies the difference between, say, carbon 
dioxide and hydrogen. . 

Four-cell, single- or double-pass type (Gow-Mac Inst. Co.). 
Same general method as Fig. 142 except that four cells are 
used, hooked up as the four arms of a wheatstone bridge. 


ditions, 0 to 100% of 
one gas in another. 


Calibration possible 
over very narrow or 
very wide ranges. 


Industrial gases suit- 


‘able for thermal con- 


ductivity. 


able circum- 
stances. 


Can be high under 
favorable circum- 
stances. 


High. 


High as 16 ppm. 
hydrogen in oxy- 
gen. 


contact with gas sample. Circuit like that of Fig. 141, ref- | whichionizein water. water, or ionizable after being broken 
erence cell being used for distilled water, second cell for down by heat. Includes chlorinated hy- 
sample. Water flows through reference cell, absorber, sample drocarbons, carbon bisulphide, chlorine, 
cell. hydrogen sulphide, sulphur dioxide, ete. 
15 — Thermal Conductivity 
Principle Range Acc'y (p. 288) Applications and Remarks 
Fig. 142—Double-cell, single-pass type. Heat loss from | Underfavorablecon- | High under favor- | Widely used for binary gas mixtures such 


as CO-hydrogen, hydrogen-nitrogen, car- 
bon dioxide-air. Now being used as 
measuring element in gas chromato- 
graphy. For multi-component mixtures 
see next method. 

Used for example in analysis for carbon 
dioxide in mixture with air and CO by 
absorption of dioxide after first pass. 
These methods may use a.c. rather than 
d.c. bridge circuit. 


By increased selectivity it is said to be 
possible to analyze continuously for one 
component of a mixture without inter- 
ference from other constituents. Hook- 
up similar to four-cell, single-pass type 
(below), with one large-, one small- 
diameter cell on each side of bridge, 
sample flowing in parallel to one side, 
standard to other. 

Analysis by either single- or two-pass 
method. Double the usual number of 
cells increases response. 


16 — Calorific Value, Combustible Content, Explosibility 


Principle 


Fig. 143—Continuous gas calorimeter (Cutler-Hammer, 
Inc.). Gas is burned at constant rate, transferring heat to 
metered flow of cooling air. Temperature rise of air is 
measured by resistance thermometers T; and T2, temperature 
difference being recorded as calorific value by self-balancing 
wheatstone bridge circuit. 

Fig. 144—Combustible gas detectors (Mine Safety Appli- 
ance Co., also others). Heated, sensitized resistance wire in 
bridge circuit protected by metal gauze. If combustible gas 
in air contacts filament, combustion raises temperature, 
changes resistance, is detected by bridge. Calibrated for 
particular gas as % of explosive limit. 

Combustible gas alarm (Mine Safety Appliances Co., 
others). Similar in principle to Fig. 144 except that instru- 
ment is designed for continuous sample-taking, with auto- 
matic alarm when unsafe. Sealed reference cell (c.f., thermal 
conductivity analysis, Section 15) adds to accuracy of circuit. 

Fig. 145—Explosive gas recorder, thermocouple type (Davis 
Instruments). Similar in principle to type described above 
except that the test and standard gas filaments are heated by 
a.c. and their temperature rise is measured by thermocouples 
bonded to the heaters. Combustion raises heater tempera- 
ture and thermocouple temperature, the latter (opposing) 
producing voltage proportional to  explosibility. 

Fig. 146—Combustibles analyzer (Bailey Meter Co.). 
Measured volume of air is added to sample gas which is then 
burned on a sensitized Pt filament. Temperature rise is 
measured as resistance change in a.c. bridge, recorded as % 
combustibles. 
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Range 
All fuel gases. 


Any combustible gas 
or vapor. 


All industrial com- 
bustible gas hazards. 


Usual ranges of in- 
dustrial explosive 
gases. 


Min. span 5% com- 
bustibles, max. 
0-25%. 


Acc’y (p. 288) 
High. 


High. 


High. 


High. 


Y%Q% actual at 
lower ranges, 2% 
scale at higher. 


Applications and Remarks 


Used to record calorific value of fuel gases 
for inventory purposes, and to control 
mixing to standard calorific value. 


Used for detecting dang limits of 
solvent vapors, fuel gases, sewage gases, 
gasoline vapor, etc. 


In explosion-proof case, is used for con- 
tinuous monitoring of hazardous areas. 
Calibrated for particular gases, but will 
detect any other combustible gas or 
vapor that may be present. 

Has advantage compared with wheat- 
stone bridge method that gradual loss of 
Pt from the heaters does not cause zero 
drift of instrument. Heater tempera- 
ture remains substantially constant de- 
spite loss. 


Used for measuring combustibles in fur- 
naces, kilns, atmosphere producers, chem- 
ical processes. Records and can operate 
alarms. 
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17 — Humidity of Gases 


Principle 


(a) Wet-Bulb Depression 


Fig. 147—Sling psychrometer. Based on measurement of 
wet-bulb depression. Two thermometers are fastened to- 
gether. One measures dry-bulb. The other, covered with a 
water-saturated wick, measures wet-bulb, provided that sling 
is whirled to produce rapid air flow for maximum evaporative 
cooling. From psychrometric tables the relative humidity 
and dewpoint can be determined. 

Recording psychrometer. Principle same as that of sling 
psychrometer except that bulbs of a two-pen recording ther- 

ter are installed in an air-stream of at least 900 fpm. 
velocity. Wet-bulb wick kept saturated by water reservoir. 

Direct-recording psychrometer (Leeds & Northrup Co.). 
Measures wet- and dry-bulb temperatures as above except 
that resistance thermometers are used. Bridge circuit in- 
corporates novel arrangement reading directly in R.H. 
Recorder has two superposed bridge circuits, one for wet-, one 
for dry-bulb. If these temperatures are plotted against each 
other it is found that they fall on a constant R.H. line through 
the origin, that all combinations on this line are same R.H. 
Hence recorder compares measurements, finds which line they 
fall on and indicates result as R.H. 

(b) Hygrometers 

Fig. 148—Dimensional-change hygrometers. Various or- 
ganic materials change in linear (or volume) dimensions with 
changes in relative humidity. Among them are human hair, 
which makes one of the most accurate hygrometers, various 
woods, animal membranes. Wood shaving cemented to 
spring made of screen wire and coiled like a bimetallic 
thermometer (Fig. 1) makes a simple direct-reading indicator. 

Fig. 149—Electric resistance hygrometers (Brown, and 
others). Developed originally by NBS, now made by several. 
Double wire winding on light insulator is coated with hygro- 
scopic film containing lithium chloride which becomes more 
conductive as its equilibrium moisture content increases. 
Ambient humidity determines conductivity of coating and 
this governs current flow between the wires. 

(c) Dewpoint 

Fig. 150—Mirror-type dewpoint recorder (General Electric 
Co., others). Mirror M in contact with flowing gas is cooled 
to condense vapor. Light passing throuch duct D from source 
I to photocell P i- reduced as dew forms. Meter A then starts 
a heater H to evaporate dew. When light again increases, 
refrigerator R cools bath, repeating cycle. Temperature 
shows peaks and valleys, the valleys being dewpoint temper- 
ature. Only valleys are recorded. 

Fig. 151—Electric hygrometer-type dewpoint meter (Fox- 
boro Co.). Superficially resembles Fig. 149 but works on 
different principle. Double wire winding on insulating tube 
is coated with a hygroscopic conducting coating (lithium 
chloride solution). Inside the tube is a thermometer bulb. 
Low voltage current supplied to wires heats the coating, 
thereby driving out moisture until equilibrium is reached 
between moisture leaving and moisture returning. Temper- 
ature of the equilibrium point as measured by the ther- 
mometer is related to dewpoint of air at bulb. 

(d) Other 

Fig. 152—Water vapor recorder measures heat energy ex- 
changed when a gas is adsorbed on or desorbed from the sur- 
face of a solid adsorbent (Mine Safety Appliances Co.). Gas 
sample is split into two equal streams, one of which is dried 
completely by a regenerative adsorption column. Split 
streams are alternately passed every two minutes through 
adsorption cells. Temperature at the equilibrium point is 
measured by differential thermopile. Cell output is measured 
by peak-to-peak voltmeter which is calibrated to record 
directly in ppm. of water vapor. 

Fig. 153—Electrolytic water analyzer (duPont design) 
(Manufacturers Engineering & Equipment Corp., and others). 
Water vapor in gas stream is continuously passed over and 
absorbed on a film of partially hydrated phosphorus pent- 
oxide. The absorbed water is quantitatively electrolyzed 
between platinum electrodes in the detector cell. The current 
required for electrolysis is directly proportional (Faraday’s 
Law) to the absorbed water. Meter A in series with the cell 
reads proportional to the water content of gas stream. 


Range 


0 to 100% R.H. 


0 to 100% R.H. 


10 to 100% R.H. 


20 to 90%. 


35 to 938% R.H., 50 
to 120F dry-bulb. 


From 110° F. to 
—100° F. 


Dewpoints of —50 to 
140° F. at ambients 
to 220° F. 


0 to 50 ppm. min. 
0 to 5,000 ppm. max. 


0 to 30 ppm. 

0 to 100 ppm. 
0 to 300 ppm. 
0 to 1,000 ppm. 


Ace’y (p. 288) 


Up to about 1%. 


1% or better. 


1.5% R.H. or less. 


2% in best units, 
generally rather 
poor. 


1.5% or better. 


3°F. 


1°F. 


+1%. 


+5%. 


Applications and Remarks 


Most accurate simple and low-cost device 
for measuring relative humidity of air. 


Probably the most used method for re- 
cording wet-bulb, dry-bulb temperatures 
for industrial humidity determination, 
Hazard is that wet-bulb may run dry. 
Saves computation of relative humidity 
from wet- and dry-bulb readings. Sim- 
plifies automatic control. 


Advantage is direct reading in R.H. 
Slow response and somewhat tempera- 
ture sensitive. 


Rapid response and good accuracy are 
main advantages. A.c. may be used, 
measured as d.c. by rectifier bridge. Or 
resistance of element can be measured in 
a wheatstone bridge circuit. Can be self- 
compensating for temperature. 


Can measure extremely low dewpoints 
and so is used chiefly for determining 
moisture content of industrial gases. 


Requires neither water supply nor re- 
frigeration. Can be used at higher am- 
bients without error by cooling sample 
to 220° F. or below before contacting 
bulb. Reads directly in dewpoint, grains 
per standard cu. ft. or percent water 
vapor by volume. 


Monitors water vapor in hydrocarbon- 
gas streams. Split gas streams permit 
alternate adsorption and desorption in 
each detector cell, thus regenerating desi- 
cant each cycle. The two gas streams 
must have constant and equal flow; also 
be maintained a few degrees above the 
highest anticipated ambient temperature. 


Detects water in various inorganic gases, 
hydrocarbon gases and vapors, fluorin- 
ated hydrocarbons. Basic compounds 
such as ammonia and organic compounds 
such as methanol cause interference. 
Flow must be metered for specific gases. 


18 — Moisture Content of Solids 


Principle 

Resistance meters (Tagliabue, others). Resistance of 
massive solids is read between prongs mounted a fixed dis- 
tance apart, thrust into material. Resistance of pulverized 
materials is read by applying standard compression between 
plates, measuring resistance across plates. Uses wheatstone 
bridge circuit and indicator. 

Dielectric-constant meter (Tagliabue). Since water has 
15 to 20 times the dielectric constant of most materials, small 
changes in water content mean relatively large dielectric 
changes. Weighed material is put into test condenser, 
oscillation frequency of test cell circuit is set to standard 
frequency as produced in a second, crystal-controlled oscillat- 
ing circuit. Null position represents moisture content, 
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Range 


Likely range of mois- 
ture content in com- 
mercial materials. 


Ace'y (p. 288) 


High. 


Applications and Remarks 


Used for powders, lumber, leather, to- 
bacco and similar materials. Calibrated 
against materials of known moisture 
content. 


Used chiefly on seeds, grains and powdered 
chemicals. 
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Figs. 156-169—Instruments for measuring optical and chemical properties of materials. 
18—Moisture Content of Solids (Cont. ) 
Principle Range Acc’y (p. 288) Applications and Remarks 

Fig. 154—Dielectric constant moving-web meter (Foxboro Used extensively in paper mills to 
Co.). Box over moving web of moist material contains hygro- measure moisture content of paper as it 
scopic dielectric between condenser plates. Air in box and progresses through paper machine. 
in dielectric attains moisture equilibrium with web material. 

This equilibrium and hence moisture content of web deter- 
mined as capacitance in high frequency bridge. 

Fig. 155—(Fielden Instrument Div.). Dielectric constant 0.2%, depends on | Continuously records or controls mois- 
granular materials meter (developed by Rogers of The particle size. ture content in cereal grains and other 
Quaker Oats Co.). Five parallel horizontal augers push free-flowing solids of consistent particle 
material between e.ectrode plates in test cell. Tapered walls sizes. With large quantities, a portion of 
in test cell ease flow and prevent undue pressure which may main stream (about 5%) is b 
change characteristics of the material. Moisture content of through test cell. 
material measured in capacitance bridge circuit. 

19—Optical Properties 
Principle Range Acc’y (p. 288) Applications and Remarks 
(a) Color 


Fig. 156—Color comparators. Used to obtain visual 
match of colors. First, standard is put at S and response of 
photocell P is obtained with white, red, green and blue light 
(obtained by filters at F from source 1). Then sample is put 
through same routine. Comparable response should give 
visual match. 

Photoelectric colorimeters. Many types, but in general 
they compare transmission of light of various colors (pro- 
duced with monochromatic filters) through sample and 
standard. Light from an integrating sphere may be passed 
alternately through sample and standard, by use of a light 
chopper, comparative transmission being read with a photo- 
multiplier tube. System can be balanced to non-pulsating 
output of photomultiplier by reducing ‘ight reaching the 
standard. 

Fig. 157—Photoelectric colorimeters (Milton Roy Co., and 
others) uses two similar photocells, passing light through 
sample to one cell, passing part of same light to reference cell. 
Cell outputs are then compared in the recorder circuit, bal- 
anced and recorded as relative transmission. 

Recording spectrophotometer (General Electric Co.). 
Differs from filter photometers and comparators in principle 
in using a spectrometer type monochromator in which mono- 
chromatic light of any desired wavelength from 400 to 700 
millimicrons is produced by dispersion with prisms and a slit. 
This light is passed alternately through a sample and a 
standard, chopped to produce an a.c. if unbalanced and is 
then balanced by a light-polarizing prism, position of which 


is recorded as % transmission vs. wavelength. 
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Wave lengths from 
400 to 700 millimi- 
crons (1,000 is possi- 
ble). 


Used in matching paints, dyes, paper 
colors and the like. Can also compare 
transmission. 


Used where exact transmission or reflect- 
ance of certain colors is needed for 
matching or record, but complete spec- 
trophotometric curve is not needed. 


Can be used with auxiliary equipment 
involving colorimetric titrations for the 
detection in ppm. range of many com- 
pounds, e.g., silica or total hardness in 
water, etc. 

Results reproduc- | Used for color control for all types of 
ible to 0.2%. colored products, enabling complete 
colorimetric analysis to be made and 
recorded. Operates automatically. 


Continued next page 
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19—Optical Properties (Cont. ) 


Principle 
(b) Other 
Fig. 158—Gloss recorder (Gardner Labs.). Measures re- 

flectance, brightness, etc. Available in var‘ous types for 
measuring gloss at 20, 45, 60,75 and 85° angles. Typeshown, 
for beam striking surface at 75° from vertical, has one light 
source, two photocells. One beam (reference) is concentrated 
on first photocell direct. Second beam is projected on surface 
to be measured, reflected onto second photocell. Cell outputs 
are compared by a null-balance potentiometer recorder which 
records in % reflectance. Standard cell periodically adjusted 
to 100% reflectance. 


(c) Turbidity, Opacity 


Fig. 159—Smoke and fume density meter (Ess Instrument 
Co., others). Type shown uses photocell to measure light 
absorption by smoke in stack. Bailey Meter Co. uses a 
hermetically sealed bolometer (resistance thermometer) to 
measure reduction in heat received from a sealed beam spot- 
light. Null-balance recorder is compensated for temperature. 

Fig. 160—Photoelectric turbidimeter (Baird-Atomic, Inc., 
others). Light transmitted by the liquid in sample cell is 
continuously compared with light scattered by suspended 
particles in the stream. Phototube output, measured by 
recording potentiometer, varies as light is more or less cut off 
by suspended particles. 


Range 


Various0 tocomplete 
cut-off. 


Various ranges such 
as 0.05 to 250 ppm. 


Acc’y (p. 288) 


Precision 2 scale 
units. 


+2%. 


Applications and Remarks 


Used in measuring reflectance of glossy 
products such as coated and super- 
calendered paper, enamels, paints, plas- 
tics. 


Used to monitor smoke stacks, nieasure 
density of white water in paper mills. 
May be applied to automatic combustion 
control. 


Used for monitoring turbidity, color or 
other light-absorption properties of proc- 
ess solutions. 


20 — Composition by Chemical Reaction 


Principle 

Fig. 161—Orsat gas analyzers operate by absorption of 

p ts with t measure of volume at standard 

pressure. Automatic type shown (Republic Flow Meters Co.) 
measures CO: in flue gas. Piston B draws in sample at A, 
traps it in C, forces it into KOH at E. Unabsorbed gas 
registers in bell at F, then escapes at H. Oil motion moves 
and seals gas. Recorder calibrated in % COs 

Fig. 162—Gas analysis by pressure drop. Gas passes 
through a restriction, an absorption chamber and another 
restriction in series. Differential pressure across the restric- 
tions is measure of % of gas absorbed. 

Fig. 163—Oxygen analyzer (Baker & Co., Inc.), Oxygen 
as an impurity in gas streams is catalytically oxidized in a 
calorimeter with excess hydrogen. The heat liberated is 
directly proportional to the oxygen content. A thermopile, 
with cold junction located ahead of the catalyst and hot junc- 
tion in gas stream emerging from catalyst chamber, indicates 
temperature rise which is a measure of oxygen content. 

Trace amounts of oxygen in gas streams are also detected 
by color:metric differential-phot thod (Consolidated 
Electrodynamics Corp.). An oxygen-sensitive reagent pro- 
duces a proportional color change in the gas sample containing 
oxygen. A colorimeter similar to Fig. 157 measures the opti- 
cal transmittance between the oxidized and reduced reagent 
and determines the amount of oxygen. 

Potentimetric titration. Neutralization and other end- 
points determined by suitable indicating and reference 
electrodes. Potentiometer controls cut-off. 

Fig. 164—Bromine titration for sulphur gases (Tritrilog: 
Consolidated Eng. Corp.). Automatic titrator for mustard, 
other sulphur gases. Gas enters titration cell C, is titrated 
with bromine generated by current between electrodes H and 
B. Production of b controlled by sensing electrodes 
S: and S: and opposed reference voltage V (calomel electrode). 
Excess of sulphur increases potential and output of d.c. 
amplifier A to increase bromine production and so balance 
sulphur admission. Sulphur content recorded in terms of 
electrolysis current by meter Ma. 

Fig. 165—Sulphur dioxide by electrical conductivity 
(Thomas Autometer: L & N). SOs in air is absorbed in 
sulphuric acid and hydrogen peroxide. Electric conduc- 
tivity is measured before and after absorption cell by con- 
ductivity cells C: and Cs. Increase, depending on SO: 
converted to sulphate, is recorded as % SO:. Spent solution 
accumulated in reservoir measured periodically by Cs for 
integration of SO:. 

Fig. 166—Residual chlorine analyzer (Leeds & Northrup). 
Sample stream of water mixes with stream of reagent (solution 
of sulfuric acid and ferric sulfate) in the presence of two pairs 
of electrodes—one carrying electrolyzing current, the other 
serving as a detecting system. Electrical current causes 
titration between reagent and chlorine residuals; any un- 
balance causes detecting electrode to initiate a signal which 
throttles the current. Current flow proportional to chlorine. 

Fig. 167—Hydrogen sulphide by color change (Rubicon 
Co.). Photocells Pi and P2 continuously scan sensitized tape 
for darkening of lead acetate by H2S. Cells are connected 
into bridge circuit B for continuous record as H2S. 

Gas testers (Mines Safety Appliances Co.). Visual color 
change testers made for CO, aromatic hydrocarbons, hydro- 
gen sulphide using suitable reagents impregnated into silica 
gel. Color change compared with color scale gives %. 

Fig. 168—Polarigraph. Uses dropping mercury as a con- 
tinuously renewable electrode on which various ions plate out 
as potential increases. Record forms step-like curve which 
indicates subst by position of step, q' ity by height. 


Range 


0 to 20% CO:; any 
range possible. 


0 to 50% approx. 


0.001 to 1% oxygen 
0.002 to 2% hydro- 
gen. 


0 to 50 ppm. 
0 to 1,000 ppm. 


Any. 


Concentration as low 
as 0.1 ppm. 


0 to 5 ppm. SOx. 


0 to 2 ppm. 
0 to 20 ppm. 


Suitable for low con- 
centrations. 


CO from 10 to 1,000 
ppm. H2S from 25 to 
400 ppm. 


For trace element an- 
alysis as wellas large 
concentrations. 


Acc’y (p. 288) 
High. 


Moderate. 


42%. 


+2%. 


0.5% or better. 


High. 


Accurate to better 


than 0.1 ppm. 


High. 


Measures down to 
10,000ths of 1%. 
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Applications and Remarks. 


Used chiefly for measuring carbon dioxide 
in stack gas for combustion control. 


Has been used chiefly for carbon dioxide. 


Detect small quantities of oxygen as an 
impurity in inert gases, carbon dioxide, 
hydrogen or saturated hydrocarbon gases. 
Hydrogen (and oxygen) for the analysis 
is generated by an electrolytic cell within 
the instrument. 


Detects trace amounts of oxygen in 
polymerization processes, fluid catalytic 
cracking processes, hydrogen and inert 
gases. 


Used in laboratory work but could be 
adapted to automatic analysis and control. 


Used to record low concentrations of 
sulphur-containing gases such as mustard, 
mercaptans, H28. 


Used in determining low concentrations 
of SOz in atmosphere. 


Used in control of chlorine content in 
water. Notaffected by pH, temperature 
or salt content of water. 


Same principle can be applied to other 
gases where suitable color change is 
available. Similar method used by G.E. 
for Hg vapor. 

Light-weight portable unit for manual 
use in detecting conditions within work- 
ing areas and process vessels. 


Primarily a laboratory instrument for 
quick, automatic analysis, especially trace 
elements in plating, organic chemicals, 
lube oil and explosives. 
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20—Composition by Chemical Reaction (Cont. ) 


Principle 

Fig. 169—Polarizing-cell oxygen analyzer (Mine Safety 
Appliances Co.). Gas passes through a porous carbon tube 
which is one electrode in a cell containing a special electrolyte 
and a second, metal electrode. Cell generates current and 
polarizes on carbon electrode. Oxygen diffusing through 
carbon depolarizes cell. Current output therefore depends on 
% of oxygen. Recording potentiometer records % Oz. 


Range 


Various ranges such 
as 0 to 1.0%, up to 
0 to 25%. 


Ace’y (p. 288) 
2% of scale. 


Applications and Remarks 


General use for recording oxygen con- 
centration. 


21—- Composition by Spectroscopy 


XUM 


Principle 
(a) Emission 


Fig. 170—Are or spark (emission) spectroscope. At high 
temperature of arc or spark, material to be analyzed gives off 
characteristic radiations at different wave lengths. Light 
can be dispersed by prism (or diffraction grating), producing 
characteristic line spectrum which can be photographed, or 
individual lines segregated by a slit for viewing. 

Fig. 171—Emission spectrograph, direct-reading (Baird- 
Atomic, others). Concave diffraction-grating spectrometer 
with spark or arc source, and movable exit slits. Light pass- 
ing slits is focussed by concave mirrors onto photomultiplier 
tubes which charge condensers in proportion to intensity of 
each line (concentration of element). Condenser charges 
measured by electric clocks, one for each element, calibrated 
in % of element present. 

Fig. 172—Flame photometers (Perkin-Elmer Corp., 
others). Sample sprayed into gas flame gives characteristic 
light which passes through entrance slit F:, through optical 
system of prisms and lenses, to beam splitter where part goes 
to movable exit slit E2, thence to photocells Piand Ps. Other 
part through fixed slit E; to standardizing cell P;. Red and 
blue sensitive cells measure intensity of characteristic lines 
with aid of movable slit Ex. 

(b) Infrared Absorption — Dispersive Types 

Fig. 173—Infrared absorption spectrometer, single-beam 
type (Perkin-Elmer Corp., others). Radiation from SiC 
glower is focussed by mirrors onto sample cell, then passes 
through entrance slit to collimating parabolic mirror which 
reflects onto prism. Radiation dispersed by prism is reflected 
by movable wavelength mirror back through prism and para- 
bolic mirror and eventually through exit slit and mirrors to 
thermocouple. Intensity of narrow frequency band selected 
by wavelength mirror is then measured. As spectrum is 
scanned, recorder plots intensity vs. wavelength. 

Fig. 174—Infrared absorption plant-stream analyzer 
(Perkin-Elmer Corp.). Used for continuous analysis of 
single component in process stream. Is set to measure any 
two infrared wavelengths simultaneously. One is region 
where component of interest absorbs strongly, other where it 
does not. Two measurements are ratioed and reported as 
percent of component. Source radiation is chopped mechan- 
ically into two beams 180° out of phase and of slightly different 
path. Beams alternately pass through sample cell and 
through a reflecting system and slit. Both beams pass 
through a prism and are reflected by separate Littrow mirrors 
along different paths back through the prism and reflecting 
system to a detector thermocouple. If beams are alike, there 
is no signal; if different due to different absorption. a.c. results, 
is amplified and drives a servo to attenuate and null reference 
beam. Attenuator position reports as sample composition. 

Infared absorption spectrometer, double-beam type (Baird- 
Atomic, others). Essentially similar in principle to type 
described in Fig. 173 except that initial beam is split to pass 
through both sample and a compensator cell or standard. Any 
unbalance is nulled, recorded as % absorption vs. wavelength. 

(c) Infrared Absorption—Non-dispersive Types 

Fig. 175—Infrared analyzer, non-selective or negative type 
(Baird-Atomic, others). Where spectrometers use mono- 
chromatic radiation, analyzers use all radiation from about 1 
to 15 microns. Two general types, non-selective which uses 
two steady beams, and selective (below) which uses chopped 
radiation. Non-selective (Fig. 175) passes radiation through 
two lines, one containing sample S and filter cell F, other 
containing sample S and compensator cell C. Filter contains 
100% of component analyzed for, compensator other gases in 
mixture not analyzed for. Interference cell I is used some- 
times to desensitize to interfering gas. Comparison of radia- 
tion received by bolometers is indicative of % of gas for 
which analyzed if various cells are properly sensitized. 

Fig. 176—Infrared analyzer, selective or positive (Luft) 
type (Mine Safety Appliances Co., others). Similar to non- 
selective type Fig. 175 in using wide range of radiation. 
However, differs in that beams alternate through two sides, 
the sample S and compensator cell C are not in series, and a 
different type of detector is used. Detector is a condenser 
microphone receiving pressure fluctuation from alternating 
beams combined in V which is filled with non-absorbing gases. 
D is filled with gas analyzed for, compensator C usually with 
non-absorbing gas. Null balance adjusts source on compen- 
sator side to give equal response both sides, difference in 
radiation being recorded as % of gas analyzed for. 
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Range 


About 2,000 to about 
9,000 Angstrom 
units. 


2,800 to 4,300 A. 
(2nd order spec- 
trum). 


Na, K, Li, Ca, Sr 
and other metals; 3 
to 1,000 ppm. de- 
pending on metal. 


2 to 40 microns de- 
pending on prism 
material. 2 to 15 
microns with NaCl 
prism. 


Depends on applica- 
tion. 


Full useful range of 
opties. 


Single hydrocarbon 
vapors in certain 
combinations. Also 
other gases. 


Single gases includ- 
ing hydrocarbon va- 
pors in certain com- 
binations. 


Acc’y (p. 288) 


Depends on qual- 
ity of optics. 


1 to 2%. 


High. 


Depends on appli- 
cation; reproduci- 
bility usually with- 
in 1% of scale. 


High. 


High. 


High. 


Applications and Remarks 


Chemical analysis, especially of metals 
and alloys, ast: y for el t identi- 
fication. Can identify trace elements 
down to billionths of grams. Most emis- 
sion spectroscopy is by grating spectro- 


graph. 
Used for metal and alloy analysis for 
number of elements to suit. Extremely 
fast, about 5 min. from sampling to 
report. 


Primarily a laboratory instrument for 
rapid analysis for sodium, potassium, 
lithium and other metals in mixtures. 
Good for trace elements. Time less than 
2 min. per element. 


Used for analysis of organic materials in 
solid, liquid or vapor state. Same prin- 
ciple has been used in a continuous 
product-stream recorder for six compo- 
nents measured in a 5-min. cycle. 


Used in plant liquid or gas streams for 
analysis or determining course of a reac- 
tion. Suitable for liquids requiring 
extremely thin sample cells. 


Used mainly in high-precision organic 
research. 


Used for continuous plant stream analysis, 
for example, on methane in illuminating 
gas, acetone in air, isobutane in normal 
butane and other hydrocarbons. Also 
can be used for sulphur dioxide, water 
vapor in low concentrations, carbon di- 
oxide and monoxide, etc. 


Used for continuous plant stream analysis 
similar to non-selective type. 
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Figs. 170-182—Instruments for determining composition by spectroscopic and other properties of materials. 
21— Composition by Spectroscopy (Cont.) 
Principle Range Acc’y (p. 288) Applications and Remarks 


Three-beam infrared analyzer, positive type (Tri-Non, 
Perkin-Elmer Corp.). Essentially similar to Fig. 176 except 
that nulling is accomplished by optical attenuator. Severe 
interference can be compensated by using a third beam. 

(d) Ultraviolet and X-Ray Absorption 

Ultraviolet spectrometer (Beckman Instruments, Inc., 
others). Radiation from hydrogen discharge lamp passes 
through entrance slit to collimating mirror, thence through 
quartz prism to reflecting backing, and back through the 
prism and collimating mirror to exit slit above entrance. 
Passing through sample cell it reaches phototube where in- 
tensity is measured for various wavelengths. Rotating 
quartz prism supplies monochromatic radiation of various 
wavelengths from 0.2 to 1.0 microns. Recorder records 
transmission intensity vs. wavelength. 

Fig. 177—Non-dispersive ultraviolet analyzer (Manufac- 
turers Eng. & Equipment Co., others). In DuPont design 
shown, light of desired wavelength (range 0.22 to 1.2 microns) 
is selected by optical filter F, then split into two beams, one 
passing through sample cell, other through reference cell. 
Use of two beams eliminates effect of cell window deposits by 
having thin section of le as ref , thicker section for 

sample.” Sample passes “through both. Unabsorbed light 
passed through cells falls on opposed photocells in bridge 
circuit, any unbalance driving a servo motor to move light 
gate in sample path to restore balance. Where window foul- 
ing is unlikely, only a single cell, in sample path, is used, the 
reference beam falling directly on its phototube. 

X-ray photometer (General Electric Co.) X-radiation 
passed through sample is partially absorbed. Transmission 

is recorded as % of unknown compared to standard. 


(e) Fluorescence and Diffraction 

Fig. 178— X-ray diffraction spectrometer (Philips Elec- 
tronics, Inc.). X-ray beam striking sample gives off a cone of 
secondary rays, intensity of which at different radii varies 
with atomic structure. Can be photographed to give charac- 
teristic concentric-ring patterns. Instead, for recording, a 
cross section of the diffraction cone is scanned by a Geiger 
counter moving along an arc (goniometer). 

Electron diffraction. Similar to X-ray diffraction. Elec- 
tron beam directed on sample produces a diffraction pattern 
which can be photographed. 

Fig. 179—— X-ray fluorescence spectrometer (Philips Elec- 
tronics, Inc.). X-radiation causes some elements to give off 
characteristic individual radiations. These are collimated, 
analyzed by a crystal which, by its position, reflects in- 
dividual radiations at specific angles. Intensities measured 
by Geiger-counter goniometer. 


0.2 to 1.0 microns. 


0 to 100% composi- 
tion, down to 0 to 1 
ppm. for some ma- 
terials. 


Various chemicals in 
presence of others. 


Unlimited. No two 
materials show iden- 
tical patterns. 


Thin films of ceram- 
ics, metals, plastics. 


Analyzes for ele- 


ments. 


Reproducible to 
0.02 millimicrons 
in U.V. 


High. 


0.2%. 


High. 


High. 


High. 


Analysis of liquid and gaseous materials 
such as vitamin A, butadiene, toluene 
molecules containing benzene rings, eth- 
ylene and carbonyl structures, etc. 
With flame attachment, becomes a flame 
photometer. 


Less selective but more sensitive than 
infrared analyzers. Used in determining 
many organics, chlorine, sulfur dioxide, 
nitrogen dioxide, etc. 


Analysis independent of physical form of 
material analyzed. Used for sulphur in 
plastics, tetraethyl lead in gasoline, 
sulphur in oil. 


Used in atomic structure study and in 
identification of materials by comparison 
with known patterns. Since crystal 
structure is shown, can be used, for ex- 
ample, in distinguishing between rutile 
and anatase phases of titanium dioxide. 


Used chiefly for study of surface condi- 
tions. X-ray diffraction operates on 
internal structure. 

Differs from X-ray diffraction in that it 
gives results characteristic of elements 
present in sample, rather than atomic 
structure. Suitable for metals, alloys, 
minerals, chemicals, mixtures and com- 


pounds, 
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21—Composition by Spectroscopy (Cont.) 


Principle 
Fig. 180—X-ray fluorescence continuous analyzer (Applied 
Research Labs.). Method originally used for control of tin- 
plate thickness now adapted to continuous solid or liquid 
streams. X-rays falling on sample produce characteristic 
radiations which are picked up by curved crystal monochrom- 
ators. One for reference diffracts only scattered radiation of a 
chosen wavelength, the other a wavelength characteristic of 
element being analyzed. Diffracted beams fall on separate 
Geiger counters whose output is ratioed and recorded as 
concentraticn. 

Raman spectrograph (Applied Research Labs.). High in- 
tensity light beam passing through sample causes light 
scattering, scattered portion emerging with different and 
characteristic wave lengths (Raman spectrum). Various 
compounds produce typical line patterns when dispersed by a 
collimating system and series of prisms. This spectrum can 
be photographed, or scanned by moving exit slit to allow a 
photomultiplier to measure and continuously record line 
intensities vs. wavelength. 

(f) Mass Spectrometry 

Fig. 181—Mass spectrometer, continuous spectrum type. 
Specimen gas at low pressure enters tube where high velocity 
electrons produced between filament and plate by electron 
accelerating voltage A strike molecules and produce ionized 

lecules and molecular fragments which are accelerated into 
tube by voltage B. Ions enter field of a magnet which curves 
their paths proportional to mass. Individual masses can be 
focussed by varying ion-accelerating field, to enter slit and 
discharge at ion collector. Ion current is amplified and 
recorded vs. accelerating voltage in terms of mass number. 
Different materials give characteristic mass peaks which are 
analyzed mathematically to find composition. 

Mass spectrometer, restricted span type. (Consolidated 
Electrodynamics Corp.). Similar in principle to above but 
designed to scan a limited number of mass peaks for con- 
tinuous product 

Mass sp leak detector type. Simplified mass 
spectrometer tuned to poten end used with a helium gas 
probe to quickly locate leaks in pressure systems. 

(g) Radio Frequency Spectrometry 
. Microwave absorption. Microwaves in range from 17,000 
to 28,000 megacycles are sent through wave-guide tube where 
absorption in gas takes place. Emergent energy is detected 
by crystal detector, amplified and put on oscilloscope. 
Absorption at various frequency bands (about 50 me. wide) 
is characteristic of various materials. 

Electron paramagnetic resonance. Solid or liquid sample 

is exposed to microwave energy while in a fairly strong mag- 


netic field. Energy absorption takes place if unpaired elec- 
trons exist in atomic electron shells. Laboratory models only 
available. 


Fig. 182—Nuclear magnetic resonance (Schlumberger Well 


Range 
Used for elements, 
applicable on atomic 
number 19 (K) and 
higher. 


Many inorganic and 
most organic com- 
pounds. 


Materials that can 
be vaporized. Mass 
numbers from 1 to 


Can be tuned to 
limited number of 
desiredcharacteristic 


8. 
Leaks too small for 
other methods. 


High precision. 


Applicable sub- 


Surveying Co., others). Most rapidly developing method of 
rf. spectroscopy. About 100 ele:nent isotopes absorb r.f. 
energy when in a magnetic field, due to magnetic moment and 
spin of atomic nucleus. In magnetic field these precess like 
miniature gyroscopes with a definite‘frequency. Sample tube 

_ in field of magnet is surrounded by a coil supplied by an r.f. 
generator. By sweeping magnet current through the nuclear- 
resonant value, energy absorption occurs. Plot of energy 
absorption vs. magnetic field strength gives NMR spectrum. 
Area under each peak is measure of quantity of that particular 
nucleus present. 


Ace'y (p. 288) 
Highly selective. 


High. 


Very high. 


High, 


0.1% or better. 


Applications and Remarks 
Various analyses such as metals in oree, 
in plating solutions, in catalysts. 


Used for qualitative and quantitative 
analysis and for study of structure. Can 
be applied to liquids, solids and gases. 
Can be used for aqueous solutions which 
could not be analyzed by infrared owing 
to water absorption. 


Coming into use in analytical product 
control of various kinds, both organic and 
inorganic. Uses include isotype tracer 
work, micro analysis. Peak heights de- 
fine concentration. 


Instruments operating in petroleum in- 
dustry. One installation monitors a 
plant stream for small % of ethane. 


First used in testing tightness of equip- 
ment in atomic bomb plants. 


Laboratory method too complex at pres- 
ent for plant use. No commercial equip- 
ment available. 


Samples detectable by EPR include 
alkali and iron group metals, rare earths, 
some heavy metals, molecular oxygen, 
nitrogen oxides, free radicals. 


Accurate measurement of moisture in 
solids, even those containing hydrogen. 
Product identification in petroleum and 
chemical industries. Detecting H, I’, 
Li, P. Identifying groups in complex 
molecules. 


22— Composition by Other Physical Properties 


Principle 
(a) Oxygen by Magnetic Susceptibility 

Fig. 183—Magnetic susceptibility, non-uniform field type 
(Arnold O. Beckman, Inc.). Except for NO, oxygen is 
unique among gases in being attracted into magnetic field. 
In a non-uniform magnetic field a light test body tends to be 
pushed from field if Oz is present. Displacement increases 
with O:2 concentration and can be measured with light ray on 
scale, or null-balance method can be used to record. Here 
@ plate with fixed d.c. potential draws charged test body back 
to zero position when bal bridge applies proper charge. 
Balance bridge operates from light beam on photocells P: or 
P2 as test body position changes. Bridge balance is therefore 
measure of O:2 concentration. 

Fig. 184—Magnetic susceptibility, thermal circulation 
method (Leeds & Northrup, others). Operates on same 
property as above, but different principle, Two thermal 
conductivity cells are installed on ipl line, receiving 
oxygen by diffusion. They are ted into a wh 
bridge circuit. One is in a magnetic field. Hence oxygen is 
drawn up into the cell where heat from the cell resistance 
element heats it, reducing paramagnetic property and causing 
increased circulation with new oxygen entering. Thus 
difference in heat loss of two cells is a measure of oxygen 
concentration. 
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Range 


From few ppm. O2 to 
100%. 


0 to 5% oxygen or 
higher. 


Acc’y (p. 288) 


1% for ranges over 
1% Ox 


+1.5% of full 
span, with max. of 
0.15% oxygen. 


Applications and Remarks 


Used specifically for analysis of gas mix- 
tures for oxygen. 


Used specifically for analysis of gas mix- 
tures for oxygen. 
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Figs. 183-192—Instruments for determining composition by chromatographic, sonic and other properties of materials. 


22—Composition by Other Physical Properties (Cont.) 


Principle 
(b) Sonic Velocity 


Fig. 185—Sonic gas analyzer (National Inst. Labs.) 
Acoustic waves travel at widely varying speeds in various 
gases. Merck design shown has a long water-jacketed tube 
through which gas flows both ways from center to eliminate 
gas velocity effect. An oscillator at one end generates sound 
waves which are received by a crystal transducer at other end. 
Phase of received wave is compared with that at sender. 
Phase shift is precise measure of sonic velocity. 

(c) Index of Refraction 
Fig. 186—Automatic refractometer (Precision Sci. Co.). 
Index of refraction is a unique property of pure materials and 
under favorable circumstances may be used for analysis, as 
in two-component mixtures. Monochromatic light enters 
sample cell along face of prism, is refracted through prism on 
path depending on refractive index of sample. Slit interposed 
in front of a photomultiplier tube is driven to position of 
emergent beam by balancing motor operated from tube out- 
put. Slit position is multiplied, recorded as refractive index. 
Fig. 187—Process refractometer (Barnes Eng. Co., others). 
Where Fig. 186 showed a single-beam refractometer, several 
cial types including Fig. 187 use a double beam to 
enable the instrument to be nulled. Light from a mercury 
arc is collimated and passed through a differential-prism cell, 
reflected and passed again through the cell. Half the cell 
contains a standard reference liquid, the other half the flowing 
process stream. Any change in refraction of the process 
stream compared with the standard causes the light beam to 
deviate. The beam is split, half going to one photocell, half 
to the other. With equal sample and standard liquids, both 
cells are illuminated equally. If they are unequal a signal 
results from the electrically opposed photocells, the signal is 
amplified and drives a servo motor to restore balance by 
turning a restoring plate ahead of the beam splitter. Restor- 
ing plate position reported as comparative refractive index. 


(d) Dielectric Constant 


Fig. 188—Dielectric constant (Foxboro Co.). Dielectric 
constant can be used in some cases to measure water content of 
liquids, and may be useful in determining composition of 
mixtures not containing water. Dielectric constant is a 
unique property of materials. For liquids, a condenser of two 
concentric tubes in the liquid flow line is installed in a high- 
frequency bridge circuit in which the balance condenser is 
automatically adjusted to null the detector. For solids, the 
hook-up is similar but the problem of controlling the weight 
of material in the condenser is not ae simple as with liquids. 

Fig. 189—Dielectric constant chamber (Hallikainen Instru- 
ments). Cutshows probe chamber built like a heat exchanger 
to recover outgoing heat in incoming stream, with careful 
temperature control via a temperature regulator and electric 
heater. Liquid flows through dielectric cell portion in bottom 
where a 7 me. r.f. current supply in a capacitor bridge circuit, 
with balancing motor, measures dielectric constant. Output 


Range 


Wide range. 


Clear liquids of 
1.32529 to 1.54409 
refractive index. 


Transparent liquids. 


Full scale range 
greater than 1% or 
1 part in 1,000. 


Acc’y (p. 288) 


Sensitive enough 
to detect 0.005% 
oxygen in air, or 
0.00061% hydro- 
gen. 


3-4 in last decimal 
place. 


Limiting sensitivi- 
ties down to 
0.0001, 0.00001 or 
0.000002 refrac- 
tive index. 


is converted to 3-15 psi. air. 


June 


Applications and Remarks 


Method gives rapid response, does not 
need removal of gas from pipeline for 
analysis. May be especially useful for 
corrosive or radioactive gases. Requires 
accurate control of gas temperature. 
Non-selective so is probably limited to 
binary or pseudo-binary mixtures. 


Clear liquids; records, can be adapted 
to control. 


Binary liquid mixtures or those approach- 
ing binary. Widely useful with organics, 
inorganics. Gives instant response. 


Polar in non-polar liquids, especially 
water in various chemicals. Temperature 
compensation is usually necessary. 


Analyzing for polar in most non-polar 
liquids, e.g., methyl ethyl ketone in 
toluene-benzene; water in acetone; iso- 
pentane in pentane, water in phenol, iso- 
propyl alcohol, ethylene chloride, etc. 
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22—Composition by Other Physical Properties (Cont.) 


Principle 
(e) Gas Chromatography 

Fig. 190—Gas chromatography (Beckman Instruments, 
others). Watts-Carbide design shown. This former lab 
method is rapidly going into plant stream applications. 
Method depends on adsorption of stream vapor components 
in a chromatographic column, followed by their being swept 
out one by one by a carrier gas, followed by analysis sep- 
arately for each component. Method is semi-continuous 
only, requiring from about 5 to about 30 min. per sample, 
depending on complexity and other factors. Plant units 
operate automatically, however. In Fig. 190 a controlled 
quantity of gas mixture is swept into the column (packed with 
an adsorbent solid or an inert solid coated with absorbent 
liquid) by means of a carrier gas, usually helium. Sample 
flow ceases but carrier flow continues, first sweeping out least 
firmly held component, followed in turn by others more 
strongly held. Sample-carrier flow passes through one cell of 
a thermal conductivity bridge, with pure carrier as reference 
passing through other cell. 

(f) Radiological Methods 

Fig. 191—Radiological gas analyzer (Hallikainen Instru- 
ments). Gas composition within an ionization chamber used 
for measuring nuclear radiations has a marked effect on the ion 
current. This can then be used for analyzing certain binary 
or pseudo-binary gas mixtures. Method has been used for 
determining argon in ammonia plant circulating gases, after 
removing ammonia and hydrogen. Different gases give 
widely varying ion currents, but mixtures must be calibrated, 
not giving predictable results. Instrument uses two temper- 
ature-controlled ionization chambers, with sample passing 
through one, other containing a reference gas such as nitrogen. 
A Sr-90 source for each cell ionizes gas, giving a difference cur- 
rent which is amplified and recorded as percent of the con- 
stituent measured. Shell Development design. 

Fig. 192—Beta-ray hydrogen meter (Hallikainen Instru- 
ments). Instrument is similar in construction to Fig. 191 
except that a liquid sample cell is built into one end of ioniza- 
tion chamber between Sr-90 beta source and chamber proper. 
Chemically bonded hydrogen in organic liquids has strong 
absorption for beta particles. However, betas are also used 
for thickness and density measurements (Section 8 and 9) so 
for measuring hydrogen, density must be constant. Two 
cells are temperature-controlled, one containing reference 
liquid, the other the sample. Difference current depends on 
relative beta absorption and can be recorded in terms of 
hydrogen content of sample. 


(g) Other Methods 


Gaseous conduction (General Electric). Potential differ- 
ence applied to heated cylinder surrounding a central wire 
electrode will give variable current flow depending on con- 
ductivity of contained gas. 

Btu. meter (Bristol Co.). Device combining flow rate 
through a process, with heat released or absorbed, can be 
used not only for controlling heat input or output, but in 
some cases can be used to infer composition or rate or progress 
ofareaction. Heatrise or fall across process is measured with 
series resistance thermometers. Flow rate is measured and 
converted to position of a contact in a self-balancing bridge 
measuring delta T. Recorder measures product of flow times 
delta T, or rate of heat release or absorption. 

Boiling point and melting point. Used as fundamental 
method in determining purity of single components. 


Range 


Lower limit about 1 
ppm. 


Wide application. 


Ace’y (p. 288) Applications and Remarks 
Precision 44 to2% | Lab and plant models available for analy- 
of full scale. sis of many gases and low-boiling liquids 


in petroleum refining, natural gas produc- 
tion, LPG, plastics, refrigerants, other 
chemicals. Separates close-boiling ma- 
terials, can handle light gases including 
Tare gases. Up to eight components can 
be separated and measured, each show- 
ing as an identifiable peak on the chart 
recording bridge output. 


Has been used for both argon and am- 
monia. Is claimed to be both sensitive 
and accurate, although non-specific. 


+1% absolute on 
0-5% argon. 


Can determine percent of hydrogen in 
hydrocarbon and other organic liquids 
(if small corrections are applied for oxy- 
gen, sulfur and other heavier elements. 
If composition is constant it can be used 
to determine density within +0.0002 
grams per ml. A somewhat similar in- 
strument (Central Sci. Co.) has a built-in 
density balance. 


+0.1% absolute. 


Basis of G. E. organic halide leak de 
tector. 


Semi-works and plant reaction control. 
Instrument can be arranged to integrate 
Btu. input or output. 


Can be very pre- Chiefly a laboratory method. 


cise. 


23. Electrical Quantities 


Voltage—(a) Direct Current 


General: This section deals mainly with 
those eiectrical instruments that are used 
as parts of, or in connection with, process 
instruments. It makes no attempt to cover 
electrical instruments exhaustively. In 
understanding the individual instruments, 
it should be noted that in most cases they 


quantity in which the dial is calibrated. 
Most voltmeters are therefore similar to 


higher resistance and connected across the 
line, rather than in the line. 

Fig. 193—Permanent-magnet, moving- 
coil voltmeter (or ammeter). So-called 
D’Arsonval type, used for d.c., has a light 
coil connected across potential to be meas- 
ured, within field of a permanent magnet. 
When current flows reaction of field pro- 
duced by coil with field of magnet causes 
rotation against a calibrated spring. Used 
for ranges from very low to very high. 
Galvanometers are instruments of this 
type. 

Fig. 194—Electrodynamic voltmeter. Has 


two stationary coils and a moving coil, 
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actually measure current, regardless of the 


certain ammeters, except for being of 


all in series. Reaction of the fields of sta- 
tionary and moving coils on current flow 
causes rotation vs. a calibrated spring. 
Not much used. 

Fig. 195—Balance against a known po- 
tential. This method, the null potentiom- 
eter, is one of the most used electrical 
measuring methods of process instrumen- 
tation. In its simplest form, as in the 
sketch, a potentiometer consists of two 
circuits containing sources of potentiai 
which have a common branch. When the 
position of the sliding contact on the 
slide wire is set for no current flow through 
the galvanometer, the voltage drops from 
the two sources are equal. ‘lo standardize 
the battery in the upper circuit a stand- 
ard cell is inserted in the lower branch 
and R is adjusted to give zero current flow 
when the slider is at some standard posi- 
tion. Then when an unknown voltage such 
as that from a thermocouple is substituted 
for the standard cell, the null position of 
slider on slide wire will show whether 
the unknown is greater or less than that of 
the standard. Furthermore, the slide wire 
can be calibrated to show how much 
greater or less. 


Fig. 196—Vacuum tube voltmeter. Used 
where a_ high-resistance voltmeter is 
needed. Circuit shown in figure uses two 
three-element tubes, is good for ranges 
from 1 to about 1,200 v. 


Voltage and Frequency—(b) A.C. 


Fig. 197—Rectifier bridge. Enables a 
d.c. voltmeter to be used for a.c. by con- 
necting four dry-type rectifiers in a bridge 
so that, whichever way the instantaneous 
current is flowing in the line, it always 
flows in the same direction through the 
meter. The arrangement is a so-called full- 
wave rectifier. 

Fig. 198—Frequency meter. Left half 
of off-center aluminum disk is acted on by 
induction voltmeter element 1 in series 
with resistance, gives constant torque at 
all frequencies. Right half acted on by 
element 2 in series with a reactance. It 
has opposite torque but is affected by fre- 
quency which on increasing reduces cur- 
rent so disk turns to right to balance. 

Electrodynamic voltmeter. (See again 
Fig. 194). Is more useful as an a.c. 

Continued next page 
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23. Electrical Quantities (Cont. ) 


Figs. 193-203—Instruments for electrical properties. 


voltmeter than for d.c., since torque re- 
mains in same direction regardless of di- 
rection of current flow. 

Fig. 199—Electrostatic voltmeter. Draws 
almost po current. No connection is made 
to the moving element. With line across 
the outer plates, light cylinders on the 
moving element are oppositely charged at 
any instant and thereby attracted. Charges 
change polarity as the current reverses so 
that torque remains in same direction. Can 
be used for extremely high voltage, either 
d.c. or 

Electromagnetic moving iron voltmeter. 
This principle is used in most a.c. volt- 
meters and ammeters for power frequen- 
cies. Made in several forms, its simplest 
type is a soft iron core which is ‘“sucked’’ 
into a coil carrying a current due to the 
field produced by the coil. Polarity induced 
in the iron reverses at each alternation so 
that alternating current can be measured. 


(ce) Current 


Current measurement. As noted above, 
current measurement devices are in gen- 
eral similar to voltmeters and so will not 
be detailed further, except for one unique 
type. 

Fig. 200—Thermocouple ammeter. This 
device makes use of a heater through 
which the current flows. Heat produced 
is independent of whether the current is 
direct or alternating, high or low fre- 


quency. This heat is measured by a ther- 
mocouple which produces a voltage pro- 
portional to the current (heat) and is 
measured by an ordinary d.c. millivolt- 
meter or potentiometer. 


(d) Power and Energy 


Power measurement, dynamometer-type 
meter. Power in watts is commonly meas- 
ured by an instrument similar to the elec- 
trodynamic voltmeter (Fig. 194) in which, 
however, the stationary field coils are in 
series with the load and the moving arma- 
ture coil is shunted across the line. Hence, 
one measures current, the other poten- 
tial, and the combination watts. 

Fig. 201—Power by thermal converter. 
This device resembles the thermocouple 
ammeter but its output is proportional to 
power consumed by a load and can be tele- 
metered for long distances. Potential 
leads, connected across the line, are con- 
nected to the primary of a transformer. 
Leads from a current transformer are 
connected into a bridge circuit so that cur- 
rent in one side of the bridge is added to 
by current induced in the transformer, 
while current in the other side is opposed 
by transformer current. Hence the heat 
from heaters Hi and He will be different, 
depending on the load, and their average, 
determined by the series thermocouples, 
will be proportional to the load. 


Fig 202—Energy consumption: the in- 


duction watthour meter. Commonest type 
of a.c. device for integrating watt con- 
sumption over a period of time, this meter 
consists of a potential winding P on an 
iron core, with current windings C. The 
armature is an aluminum disk with shaft 
behind the core. Interaction of flux pro- 
duced by the three poles with the induced 
eddy currents in the disk causes rotation 
proportional to power. Adjustment of 
phase relations is obtained with a compen- 
sating winding and external resistance R. 
Revolutions counted by the register repre- 
sent watthours. 


(e) Resistance 


Fig. 203—Wheatstone bridge. One of 
the commonest circuits used in process in- 
strumentation. Its purpose is to determine 
an unknown resistance such as that of a 
resistance thermometer in terms of three 
resistances. Known resistances M, N and 
I’ are connected, together with the un- 
known X, in a network as shown, with a 
galvanometer across one diagonal and a 
source of d.c. (or a.c.) across the other. M 
and N are commonly equal but, in any 
event, X = P X M/N so that, if a known 
value for P can be chosen which will show 
no current flow through the galvanometer, 
then X can be calculated. Commonly such 
a circuit is used with some system for ad- 
justing P automatically and continuously 
to give a null galvanometer deflection. 


24. Measuring Methods 


General 


This section deals with the measuring 
devices that are used to convert the output 
of electrical industrial instruments into 
forms that can be used to operate a re- 
corder, indicator or controller. It deals 
with measurements of potentials, resist- 
ances, capacitances or inductances. Such 
measurement methods are used with re- 
sistance thermometers, thermocouples, 
thermal conductivity cells, electrical con- 
ductivity cells, pH and redox cells; with 
strain gages and many position-measuring 
transmitting devices; and with a vast 
number of other types of instruments. 
Most such electrical measurements are 
made by bridge circuits of one sort or an- 
other. These include wheatstone bridges, 
inductance and capacitance bridges, po- 
tentiometers and variations thereof. Some 
operate on d.c., some on a.c., and some 
may operate on either. Some use both, for 
example, measure the d.c. of a thermo- 
couple, but convert the unbalance of the 
circuit into a.c. for amplification and oper- 
ation of the balancing devices. A.c. bridges 
of various kinds have become more com- 
mon in recent years. 
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Bridges of various sorts can in general 
be operated in two different ways; as de- 
flection, or as null (balanced) circuits. 
Deflection bridges are relatively uncom- 
mon. The advantages of the null system 
in which the electrical values of the 
bridge are brought to a balanced condi- 
tion, so that no current flows through the 
detecting device, are great enough in most 
cases to outweigh the greater cost of 
bridges with balancing features. Most 
balanced bridge circuits used in industrial 
instruments are of the automatic self- 
balancing type, although manual balanc- 
ing is common in laboratory instruments, 
and in some industrial types such as elec- 
tric conductive meters. 


(a) Cireuits 


Direct voltage measurement by milli- 
voltmeter. To a considerable extent milli- 
voltmeters are u in measurement of 
temperature by thermocouples. Many of 
these instruments are indicators, but re- 
corders are also made, some in which milli- 
voltmeter movement operates pen directly 
by aid of a chopper bar and others in 
which recording mechanism follows milli- 


voltmeter pointer without contact by 
means of an oscillating coil pickup system. 
In this method, peinter carries aluminum 
vane which moves between oscillator coils 
on a movable arm. If pointer attempts to 
move out of field of coils, output of an 
oscillating circuit is changed to drive a 
motor which causes coil carrying arm to 
move in same direction and at same speed 
as pointer. Position of arm controls re- 
corder pen at corresponding position. 
Arm position can also operate control con- 
taets easily, since plenty of power is 
available. 

Voltage measurement by deflection po- 
tentiometer. In elementary potentiometer 
circuit of Fig. 195 it was aoted that, with 
battery adjusted vs. standard cell, un- 
known voltages could be read by position 
of slider on slide wire which would give 
zero deflection of galvanometer. If slide 
wire is replaced by a series of tapped re- 
sistances, and galvanometer is calibrated 
as a millivoltmeter, then movable contact 
in unknown voltage circuit can be set at 
a point which will give only a little de- 
flection to instrument. If hoth taps and 
millivoltmeter are calibrated in temper- 


ature (assuming a thermocouple is being 
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24. Measuring Methods (Cont.) 


Figs. 204-213—Instruments for measuring values of process variables. 


measured), then temperature is read as 
sum of that indicated by tap, and that in- 
dicated by millivoltmeter. Method is some- 
times used where a low-cost indicator for 
one or a number of temperatures is desired 
and manual operation is suitable. 

Voltage measurement by null-balance po- 
tentiometer. (See Fig. 11.) Most instru- 
ments requiring potential measurement 
use a null-type self-balancing circuit sim- 
ilar to Fig. 11. Null balance has advan- 
tage that, since no current is drawn in 
balanced condition, measurement is unaf- 
fected by resistance of unknown voltage 
circuit, or by changes in resistance. Long 
leads are no disadvantage. In Fig. 11 a 
switch (often operated automatically in 
self-balancing instruments) is provided for 
switching standard cell into circuit for 
standardizing battery by means of re- 
sistance R. Resistances 1, 2 and 3 are 
ordinarily of manganin for low tempera- 
ture coefficient of resistance, and resist- 
ance 4 is of nickel for cold-junction com- 
pensation. (See Section 1d for method of 
bringing cold junction to instrument by 
compensating leads.) With thermocouple 
in circuit, instrument is balanced (man- 
ually or automatically—-see below) by 
moving slide wire contact S until current 
through galvanometer G is zero. 

Fig. 204—Capacitance bridge (Fielden). 
Used mainly for capacitauce level meas- 
urements. Probe in tank serves as one 
capacity in a four capacity a.c. bridge. 
Second plate is tank wall. Variation in 
capacitance unbalances bridge, producing 
a 60-cycle modulated r.f. output which 
adds to signal from oscillator, is demodu- 
lated and amplified to drive balancing mo- 
tor in direction to re-balance bridge by 
changing variable capacitor. Motor also 
positions recorder. 

Fig. 205—Capacity follower (Fielden). 
For recording or controlling from milli- 
voltmeters or other low-torque units, vane 
on pointer is followed without contact 
by a servo-operated follower. Capacitance 
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bridge circuit similar to Fig. 204 detects 
capacitance between vanes, drives fol- 
lower and recorder to maintain constant 
capacitance, 

Capacitance potentiometer (Foxboro 
Co.). (See Fig. 212.) Capacities can be 
substituted for a pair of resistances in a 
potentiometer-type circuit, (see below). 

Resistance bridge. (See Figs. 10, 203.) 
Widely used with resistance thermometers, 
conductivity meters, thermal conductivity 
gas analysis, etc. Applications where vari- 
ations in lead resistance could upset re- 
sponse from sensitive element resistance 
use a three-wire lead as in Fig. 10. Lead 
wire resistance changes are put into both 
sides of bridge and so nearly cancel out. 
Variations of this circuit are sometimes 
used such as a double-slide-wire type which 
further improves canceling out of lead 
wire resistance changes. As in potentiom- 
eters, wheatstone bridges used in indus- 
trial instruments are commonly auto- 
matically self-balanced with some form 
of detecting mechanism G which will move 
slide wire contact © to point of zero cur- 
rent flow througk G. Such bridges may 
use d.c. or a.c. 

Inductance bridge. (See Figs. 225, 227.) 
Either two or four of the resistances in 
an a.c. wheatstone bridge can be replaced 
by inductances (or impedances). Fig. 225 
shows a type which is self-balancing with- 
out usual self-balancing mechanism. Fig. 
227 is a type used for precision deter- 
mination of position of an instrument 
element. 

Fig. 206—Capacitance bridge (Foxboro 
Co.). As noted above for potentiometers, 
two capacitances can be substituted for 
resistances in a wheatstone bridge circuit. 
Shown used with a resistance thermometer, 
capacities Ci and C2 replace a pair of re- 
sistances in Fig. 10. In ac. bridge, any 
unbalance is amplified electronically and 
fed to reversible motor for altering the 
value of Cs until current flow through de- 
tector circuit ceases. Temperature Re is 


indicated by position of balancing con- 
denser. 


(b) Balancing Methods 


Fig. 207—Microsen system (Manning, 
Maxwell & Moore). This is an electronic- 
mechanical balancing system in which an 
electrical or mechanical input (measure- 
ment) is balanced against an accurately 
proportional d.c. output to an indicating 
or recording instrument. Basis of several 
variations of system is a balance beam 
which is upset by the primary measure- 
ment so as to affect an oscillating elec- 
tronic circuit. Balance is restored to beam 
as circuit output reaches a value equiva- 
lent to initial upsetting force. Applied to 
measurement of a thermocouple potential, 
system consists of beam B (Fig. 207) with 
calibrating spring S and an armature at 
one end carrying coils C1 and Ce. At other 
end, beam is in field of an oscillating coil 
O in an electronic oscillating circuit. Volt- 
age output of thermocouple TC applied to 
coil C1 causes rotation of B toward per- 
manent magnet. But this changes elec- 
tronic circuit output to recorder, also 
changing feedback through Cz to restore 
balance. Instead, Cz and electrical feed- 
back may be omitted and direct mechani- 
cal feedback from recorder may be used 
to re-balance beam. Note that in this ap- 
plication system acts as a d.c. amplifier. 
Beam is comparable to a millivoltmeter in 
that circuit is not “nulled,” and lead re- 
sistance has to be considered. Can operate 
up to 1,250 ft. from TC. On temperature, 
accuracy claim 4% of scale. Other applica- 
tions on pressure, strain gages, pH and 
conductivity. 

Fig. 208. Electrosyn system. (Norwood 
Controls). This method uses a magnetic 
amplifier, requires no vacuum tubes. Pri- 
mary measurement rotates a rotary dif- 
ferential transformer connected to ampli- 
fier. A.c. voltage output is amplified, turns 
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2-phase motor geared to recorder, other 
auxiliaries such as encoders for telemeter- 
ing or data logging and, through cam, 
turns a second differential transformer 
which feeds back an opposing a.c. voltage. 
Motor position which just balances feed- 
back voltage against primary voltage rep- 
resents current value of variable. Any 
change in primary measurement is fol- 
lowed by immediate re-balancing. Pri- 
mary element and amplifier-recorder can 
be up to 2,000 ft. apart. System shown is 
used for mechanical inputs such as pres- 
sure and differential pressure. Temper- 
ature input from resistance thermometer 
is handled similarly except that a variable 
resistor is used for feedback balancing. 

Non-galvanometer balancing systems. 
Most makers of self-balancing bridge and 
potentiometer instruments now supply con- 
tinuous-balance instruments in which gal- 
vanometer formerly used is replaced by 
some method of electronic detection of un- 
balance. Characteristically, such instru- 
ments balance so rapidly as to be able to 
carry pen across entire chart scale in 2 to 
20 sec. 

Fig. 209—Brown Electronik (Minneap- 
olis-Honneywell). Thermocouple output ap- 
plied to potentiometer circuit if unbalanced 
is converted to a.c., direction of unbalance 
determining phase relation between gen- 
erated alternating current and a.c. supply 
voltage so as to determine direction of 
correction applied by balancing motor M. 
If slide wire S is not balanced, current 
flow in thermocouple circuit is converted 
to alternating by transformer T through 
action of vibrating reed converter driven 
by a.c. at 60 cycles by coil BE. Trans- 
former output is amplified by voltage and 
power amplifiers and applied to balancing 
motor M. If in-phase, motor corrects for 
over-balance. If 180° out-of-phase, motor 
corrects for under-balance. 

Fig. 210—Speedomax (Leeds & North- 
rup). Thermocouple output is applied to 
potentiometer circuit. If unbalanced, the 
excess is chopped to a 60-cycle a.c., ampli- 
fied and used as power supply for one 
phase of a 2-phase motor; other phase is 
powered by plant supply. Motor drives 
balancing slidewire in proper direction 
to rebalance thermocouple output. At bal- 
ance, supply of amplified current ceases. 
Similar balancing system is used for other 
bridge circuits. 

Fig. 211—Dynamaster 
Thermocouple output is applied to po- 
tentiometer. If not in balance, current in 
TC circuit is converted to a.c. by a syn- 
ebronous switch. A.c. output is ampli- 
fied and applied to balance motor to drive 


(Bristol Co.). 


S in proper direction for restoring bal- 
ance. This system with modifications can 
be used to balance circuits where the elec- 
trical quantity can be represented by volt- 
age, current, capacitance or resistance. In 
resistance thermometers, for example, an 
a.ec. bridge is used. Unbalance output, 
being a.c., can be amplified direct without 
synchronous switch. 

Fig. 212—Dynalog (Foxboro Co.). This 
system is unusual in that it operates direct 
from std. cell without a separate battery 
and so needs no standardization. Vibrated 
switch alternately connects thermocouple 
and standard cell SC into capacitor bridge 
(contacts in upper position), then shorts 
eapacitors through detector (contacts in 
lower position). SC charges Co, TC charges 
Ci. If charges are unequal, detector out- 
put is amplified to drive solenoid bridge S 
and reposition Ce and recorder pen. When 
balance is reached, short-circuit discharges 
become equal. Current drawn from SC is 
small enough that usual battery is not 
needed. Variations of capacitor bridge are 
used for other variables expressed as re- 
sistance, capacitance or inductance. 
Claimed accuracy, 4%. 

Instead of a standard cell some po- 
tentiometers use a regulated d.c. source, 
e.g., Bailey Meter’s d.c. receiver for ther- 
mocouple and other d.c. pickups. This has 
a regulated electronic d.c. supply to serve 
as reference voltage without a standard 
cell, and no need for periodic standardiz- 
ation. 


(c) Monitoring and Data Logging 


Monitoring is the automatic supervision 
of one or more process variables. Gener- 
ally implies use of alarms to show when 
variable is above or below set point by 
more than a predetermined tolerance. May 
also include, in addition to alarm func- 
tion, digital logging of these variables at 
intervals by printing out numbers. 

Continuous monitoring means a con- 
stant watch over all affected variables. 
Scan monitoring means sequential switch- 
ing of instantaneous values of the vari- 
ables and their comparison with stand- 
ard values, with sounding or showing of 
alarm if out of limits and possible print- 
ing of digital value of variable, sometimes 
in color, or on special typewriter for 
trend recording. 

In simplest form monitoring generally 
is continuous and uses high-low alarm 
contacts in each variable’s own measur- 
ing instrument. In systems of more 
than a few points, scanning is likely to 
be used so that some equipment can be 


time-shared among all variables. Thig 
means using sampled data, requiring that 
each point be sampled often enough to 
eatch important changes. 

Fig. 218—Data logging. Scanning sys- 
tem, in addition to alarm function, may 
convert analog information acquired from 
each primary measuring system into digi- 
tal information for automatic print-out 
on electric typewriters, for telemetering 
(i.e., Teletype code), or for feed to digital . 
computers. Details are beyond scope of 
this review but main functions of a scan- 
alarm-logging system are indicated in Fig, 
213. 

Primary measuring device or transducer 
may be of any kind capable of producing 
an electrical signal such as a voltage, cur- 
rent, frequency or pulse rate. These in- 
clude thermocouples, resistance thermom- 
eters, some velocity-type flow meters. If 
primary measurement results in an in- 
strument position (e.g., pressure gages, 
head-type flow meters) position must be 
eonverted to an electrical quantity with 
a secondary transducer. 

Individual electrical outputs are indi- 
vidually corrected for scale range and if 
necessary linearized to make response 
linear with variable. Certain measure- 
ments must then be operated on mathe- 
matically to convert to kind of quantity 
to be recorded. For instance, flow meas- 
ured in differential pressure must be 
square-rooted. If total flow is to be re- 
corded, flow rate must be integrated. A 
programmer then selects the channel to 
be recorded and feeds it to scanner where 
value is compared with a standard, e.g., a 
reference voltage, for that point. If out- 
side limits, alarm system will be activated. 
Otherwise, quantity is fed to digital con- 
verter for normal recording. 

In some systems an alarm will initiate 
operation of separate trend recorder for 
more frequent read-out. Or operator may 
plug in graphical recorder for continuous 
measurement of that variable. 

Digital converters are of many types, 
both electronic and mechanical. In me- 
chanical type (e.g., Fischer & Porter) 
shaft position of the self-balancing scan- 
ner potentiometer, time-shared by all vari- 
ables, rotates a geared series of “units,” 
“tens” and “hundreds” drums carrying 
“plateaus” and “valleys.” These produce 
a pattern of two-way switch setups which 
in various combinations can code any quan- 
tity (represented as shaft position) in 
terms of numbers from 1 to 1,000, in any 
code such as decimal, binary, binary- 
decimal, for typing, telemetering or card 
punching. 


Arm 


25—Transmitters and Telemeters 


General 

The distinction between transmitters 
and measuring devices is not always clear. 
A measuring device is one that converts 
a primary indication into a position or 
into some form of energy that can easily 
be displayed as position on a scale to 
show the value of the primary variable. 
Some transmitters do the same thing, 
though others are primarily relays. If 
there is a real distinction it is that trans- 
mitters can display the value of the pri- 
mary variable at a considerable distance 
from the primary element. 

Transmitters for still longer distances 
are called telemeters. In some cases tele- 
meters are designed to send over own 
wires, in other over phone wires or by 
microwave. Transmitters, however, may 
be pneumatic as well as electrical, but 
being shorter-distance senders, they use 
their own communication connections he- 
tween sending and receiving devices. 

A great many different methods are used 
for extending the distance measurements 
can be sent. In general these include 
hydraulic, pneumatic, electrical and elec- 
tronic. If short-distance methods of getting 
away from friction-producing elements 
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such as stuffing boxes are included, they 
also include mechanical (torque tubes) 
and magnetic methods. 


(a) Hydraulic and Magnetic 

Fig. 214 — Hydraulic transmission 
(Liquidometer Corp.). Method used for 
transmitting liquid level measurements 
from a tank float employs two transmit- 
ting and two receiving bellows, connected 
by two lines, with system filled solid with 
liquid. Purpose of double-bellows system 
is to compensate for ambient temperature 
changes. Expansion or contraction due to 
temperature affects each bellows system 
equally, being cancelled out by link be- 
tween receiving bellows. However, move- 
ment of pointer at transmitting end 
(representing position of float or other 
measurement to be transmitted) expands 
one bellows, contracts other, so moves 
receiving pointer an equal amount. 

Fig. 215 — Magnetic follower. Method 
often used to transfer motion inside a 
sealed system to outside without loss of 
accuracy due to friction in a stuffing box. 
For example, used in level gages and 
controllers, flow manometers and rota- 
meters. A level gage made by Magnetrol, 


Ine. uses magnetic follower to operate 
level control switches. Yarnall & Waring 
makes a level gage (Fig. 84) which trans- 
mits position of a manometer by means of 
a magnet which turns a spiral follower 
attached directly to the pointer. In Fig. 
215 a float in a level gage or manometer 
operates armature in a non-magnetic tube 
to position a transmitter. 


(b) Pneumatic 

General: Pneumatic transmitters are 
coming into extensive use, especially since 
development of the pneumatic force-bal- 
ance type of measuring device. Such trans- 
mitters are used for temperature, pressure. 
differential pressure from flow, level and 
density measurements, weight, force and 
position. With the development of close- 
coupled control systems with remote set 
and indication at the panel board, they 
are being used to transmit to a controller 
close to point of measurement, and to an 
indicating or recording instrument at a 
remote panel board. Similar transmitters, 
balanced against pressure of a spring, are 
being used to produce loading pressure 
for remote setting of controllers in such 


installations. This method takes the re- 
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corder out of the control loop. puts con- through changing angle theta by sliding rapid changes in output pressure. Air at 


troller and point of measurement close 
together, and so cuts instrument lags to 
minimum. 

Fig. 216—Positioning non-balance trans- 
mitter. Diagram illustrates principle, 
shows no particular type. Meastirement 
pointer P positions a flapper F before a 
nozzle, raising or lowering pressure P, by 
changing leak at nozzle. Bellows B moves 
movable fulcrum M in direction to oppose 
change, acts as a feedback so that each 
output pressure P, demands an exact 
position of F. Thus P, is proportional to 
position of pointer P. P, can be trans- 
mitted. For use over considerate distances 
where a considerable lag in transmission 
is to be avoided, P, is fed to a relay air 
valve to increase flow during time that 
P, is changing. 

Tig. 217 — Force-balance transmitter, 
beam type (Republic Flow Meters Co., 
others). Force from any sort of measure- 
ment (shown here as that of a differential 
pressure diaphragm) is applied to a weight- 
balanced beam pivoted at point X. In this 
application X is inside a bellows used as a 
frictionless seal for the differential pres- 
sure system. Beam obstructs flow of air 
from nozzle N which is supplied with air 
at pressure Pg, through restriction R. 
Assuming P, increases, beam will tilt to 
raise nozzle pressure Py, but this increases 
pressure on diaphragm D, which restores 
beam to substantially its original position. 
Hence Ps is balanced vs. the differential 
pressure, either exactly, or in some 
multiple depending on the relative lever 
arms. P, is transmitted. A similar beam 
‘yee ean be used for ratioing as in Fig. 
254. 


Fig. 218 — Force-balance transmitter, 
null balance-vector type (Republic Flow 
Meters Co.). Newer type than Fig. 217, 
in which vectorial forces are combined 


by linkages, with range adjustment 
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pivot 8 in a calibrated slot. Differential 
pressure delta P is measured by a dia- 
phragm, with motion taken out by lever 
pivoting at 1, through seal bellows. Link 
pivoted at 2 raises or lowers link pivoted 
at 8 when delta P changes, amount of 
this movement varying with angle theta. 
If differential increases, link 2-3 lifts, 
lowering air pressure in nozzle N. Reverse 
air relay R then raises output pressure, 
also raising pressure on feedback dia- 
phragm and moving pivot 2 downward to 
restore balance. Output pressure is di- 
rectly proportional to initial differential 
pressure. 

Fig. 219 — Force-balance transmitter, 
stack type (Taylor Inst. Cos.). Where 
Figs. 217 and 218 interposed beams or 
linkages between measured and output 
pressures, permitting lever arm change 
to change proportionality, several makers 
supply a force-balance instrument in 
which the balance is direct, on opposite 
sides of a diaphragm or bellows. Figs. 
219 and 220 show this principle. In Fig. 
219 the resultant of differential pressure 
on both sides of the lower diaphragm (or 
a single pressure on the lower side only) 
is opposed by the controlled air output 
pressure so as to balance. Air supply 
enters through a restriction and flows 
through the chamber above the upper dia- 
phragm. If upward pressure from the 
delta P diaphragm increases, air loss 
through the leak decreases, pressure rises 
in the upper chamber and outlet, mean- 
while balancing the increased delta P. 
If delta P falls, leakage increases, top 
chamber and transmitted pressure fall. 
Transmitted pressure is directly propor- 
tional to delta P. 

Fig. 220 — Air-relay force-balance stack- 
type transmitter (Moore Products Co.). 
Similar in principle to Fig. 219 except 
that it incorporates an air relay to give 


pressure P, enters transmitter, is applied 
through restriction R to nozzle N and top 
of diaphragm D. Any force such as that 
from a_ liquid-filled thermometer system 
is applied to top of bellows B, restricting 
delivery from nozzle N. Increased back- 
pressure over diaphragm D closes leak L 
through porous-center diaphragm D, opens 
main valve M to inerease pressure Py. 
This works through equalizing line BE to 
raise pressure in B, thus restoring initial 
nozzle opening (almost). Now output 
pressure balances force. Assuming force 
then decreases, nozzle delivery increases, 
pressure over D falls, and leak L bleeds 
air to lower P, until P, again equals 
foree. Response of instrument depends on 
foree of calibrating spring under main dia- 
phragm D. Main valve M acts as relay 
for quick changes. 


(c) Electric and Electronic 


General: Several transmitting and tele- 
metering methods are in use which can 
be classed as electrical rather than elec- 
tronic, in that they do not require vacuum 
tubes or transistors for amplification. 

One method now being widely used 
appears in several guises under different 
names, although the principles involved 
are generally similar. Among these are 
the inductance bridge, the impedance 
bridge and the differential transformer. 
All are a.c. bridge circuits in which the 
degree of coupling between inductances 
is varied by altering the amount of iron 
core within a coil. 

Fig. 221—Electropneumatic transmitter 
(Fielden). Converts motion from a pres- 
sure or other transducer to directly pro- 
portional d.c. current of 3-15 milliamps. 
Balance beam is lifted by motion it is to 
measure. This closes a nozzle, allowing 
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air pressure to rise in a pneumatic-te-d.c. 
transducer consisting of some form of 
variable resistor. Increased d.c. output 
flows through feedback coil which mag- 
netically restores balance of beam, mak- 
ing d.c. current proportional to initial 
force applied through measuring bellows. 

Fig. 222 — Resistance manometer (Re- 
public Flow Meters Co.). This is a unique 
device for transmitting the height of mer- 
cury in a flow manometer. A spiral of 
rods in the manometer, arranged to com- 
pensate for the square-root relation in 
flow (See Sections 2e and 5) is connected 
to resistances so that as mercury shorts 
out more or less of the rods, total remain- 
ing resistance is proportional to the flow 
rate. Flow rate indication and recording 
are obtained by passing a.c. from mano- 
meter through a bridge circuit which 
measures the conductance by means of a 
core drawn into a coil an amount depend- 
ing on the resistance of the manometer. 
Integration of flow is by means of an in- 
strument similar to a watt-hour meter. 

Fig. 223 — Wheatstone bridge trans- 
mitter. Null-balance wheatstone bridge 
can be used to transmit indications by 
contact on slide wire T which is positioned 
by measurement to be transmitted. Un- 
balance indicated by galvanometer G then 
operates to move contact on slide wire R 
to balance position, which then reproduces 
position of T. Alternatively, transmitting 
resistance T in Fig. 223 may be varied 
by temperature (resistance thermometer) 
or by a force (strain gage), and the resist- 
ance change mirrored at R. For example, 
strain gages are used by Brooks to trans- 
mit rotameter readings. 

Fig. 224 — Self-synchronous motors. 
Motors with three-phase stators S, and S, 
and two-phase rotors are connected to 
same line. Rotors remain stationary unless 
turned by an external force. If primary 
rotor R, is turned, R, will follow closely 
with lag of 1 to 3°. Selsyns may be 
geared together to transmit both feet and 
inches in remote level indication (Shand 
& Jurs). “Inches” transmitter turns 12 
times for each turn of “feet” transmitter, 
with corresponding indications of two 
receiver selsyns. 

Fig. 225—Inductance bridge. Used for 
transmitting indications from inside sealed 
instruments, such as flow meter mano- 
meters, rotameters, etc. Transmitter and 
receiver coils are connected as shown by 
three wires in a bridge arrangement and 
supplied with a.c. Transmitter soft iron 
armature is positioned vertically by meas- 
urement to be transmitted. Receiving 
armature positions itself similarly. This 


device is self-balancing without usual bal- 
ancing devices. Amy unbalance due to 
armatures being unequally placed in coil 
pairs results in current flow through cen- 
ter lead which brings about re-balance by 
altering flux distribution until balance is 
reached. 

Fig. 226 — Differential transformer 
(Automatic Timing & Controls, Ince., 
others). This device is an a.c. motion 
transducer which can be designed to pro- 
duce an electrical output over a full range 
with any desired range of motion of the 
armature. Type shown allows long arma- 
ture travel; other types down to fractions 
of an inch. Transformers have one or two 
primaries and two secondaries, generally 
connected to “buck”? each other. A.c. is 
applied to primary. A.c. produced in sec- 
ondaries depends on position of armature 
and amount of coupling so produced. 
Such devices provide accuracies of % to 
1% of full range and can be used to trans- 
mit forces, pressures, differential pres- 
sures, weights, and the like. Can transmit 
up to 5,000 ft. Type illustrated has linear 
motion of core. Rotary differential trans- 
formers are used in a number of instru- 
ménts, e.g., Inertial Inst. mass meter 
(Fig. 77) and Electrosyn transmitter 
(Norwood Controls, Fig. 208). Several 
instruments use what is in effect a differ- 
ential-transformer bridge, e.g., Electrosyn 
transmitter and a remote level transmitter 
supplied by Yarnall-Waring Co. 

Fig. 227 —- Impedance bridge (Bailey 
Meter Co., others). Transformer with 
single primary supplied with a.c. and 
double secondary has movable armature I 
positioned by measurement to be trans- 
mitted. Secondaries S: and Se are in a 
bridge circuit. Unbalance due to I not 
being centered is amplified by A and 
transmitted to a balancing motor M 
which repositions slide wire to balance. 
Slide wire position is a measure of posi- 
tion of I in transformer. 

D.c. converter (Bailey Meter Co.). Vari- 
ation of Fig. 227 eliminates amplifier and 
slide wire, uses two diodes to convert out- 
put of secondaries to d.c. in a d.c. bridge. 
Unbalance resulting from armature move- 
ment is put out as d.c. voltage propor- 
tional to armature position. 

D.c. transmitter (Manning, Maxwell & 
Moore). Microsen balance measuring de- 
vice of Fig. 207 is used to transmit 
measurements which are initially voltages 
or forces, converting these to d.c. which 
can be transmitted considerable distances. 
Receiver employs a second Microsen with 
feedback to make pointer position pro- 
portional to signal. Signal positions rotary 


solenoid from output of receiving Microsen, 
with mechanical link from solenoid to 
balance-beam restoring spring. Solenoid 
positions indicating pointer. Mechanically 
loaded Microsen beam can be used for re- 
mote set-point adjustment of electronic 
controllers. 


(d) Impulse and Timed Signal 

General: Impulse and_ timed-signal 
methods of telemetering have advantage 
of giving accuracy independent of supply 
voltage variations. There are several 
methods: (1) sending a number of elec- 
trical impulses proportional to the value 
of the variable, and counting pulses at 
the receiving end; (2) sending a signal 
whose frequency is proportional to the 
variable; (3) sending a single pulse whose 
duration, as a fraction of a fixed time 
interval is the same as the ratio of the 
variable to its maximum value; and (4) 
sending a pattern of pulses in code, such 
as decimal or binary-decimal, correspond- 
ing to the digital value of the variable. 

Fig. 228—Pulsed-signal level telemeter 
(Shand & Jurs). One of several pulse 
methods of transmitting continuously vary- 
ing variables such as liquid level and tank 
temperature is shown in Fig. 228. Trans- 
mitter cycle has three parts. Remote 
operator signals any individual tank for 
level and/or temperature. Selected trans- 
mitter first sends pulse group identifying 
itself. Then sends level, first ‘‘feet,” 
then “inches” by eighths. ‘‘Inches” disk 
driven by perforated steel float tape, makes 
one revolution for each foot of float move- 
ment. Then advances “feet” disk one 
increment through Geneva: gear. When 
instrument is asked to transmit, a motor- 
operated sweep scans each disk for its 
position, first the “feet” and then the 
“inches” disk, sending for each a number 
of pulses corresponding to the disk posi- 
tion. Receiver dials are ratchet-operated 
by incoming pulses to count exactly. 

Fig. 229 — Timed-signal telemeter 
(Builders-Providence). Rotating cam lifts 
a follower for a period during each cycle 
proportional to measured value. This 
closes switch and sends a signal over a 
two-wire line to receiver. Turation of 
signal during each cycle is therefore pro- 
portional to measured variable. Receiver 
has two clutches, one “increase,” one 
“decrease.” The first runs while current 
is on, the second during part of cycle 
when current is off. Transmitted value 
is the difference. Pen moves only when 
difference changes. Works over long dis- 
tances at high accuracy. 
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General 


Controllers are of many types although 
most of them can be classified according 
to the type of control which they are able 
to supply. Apart from the control type, 
there are two general methods of control- 
ler operation; self-operating and _ pilot- 
operating. Self-operating controllers use 
energy taken either directly or indi- 
rectly from the controlled system 
to operate a valve or other controlled 
device which regulates the supply of 
the control medium Pilot-operated 
controllers control a supply of energy in 
the form of a fluid under pressure (usually 
air), or electricity. The controlled pilot 
fluid then makes the necessary adjust- 
ments to the controlled device. An inte- 
mediate type of controller uses the energy 
of the control medium to amplify its 
responses and so control the control 
medium. 

Modes of control. Most industrial con- 
trol problems involve as the end result 
of the control action the regulation of 
flow of a control medium such as steam 
or other heating medium, or electricity, 
or a process fluid. This means control 
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of flow. The flow can be controlled in an 
off-and-on manner—either between high 
and low limits or completely off and on; 
or it can be controlled in a_ throttling 
manner—at a rate intended to balance the 
instantaneous demand. Since the throt- 
tling type of control seeks to proportion 
the flow of control medium to the de- 
mand, it is known as proportioning or 
proportional. 

Proportional control is the type most 
used in industrial work, but for processes 
other than the simplest, additional con- 
trol responses beyond simple proportional 
action are often added. The first of these 
is the reset response. In any simple pro- 
portional controller there is only one rate 
of demand at which the controller will 
control exactly at the desired control 
point. If there are larze or permanent 
changes in demand this means usually that 
the controller must be reset by hand. To 
avoid this many controllers have the reset 
feature supplied automatically. A compari- 
sion of Figs. 244 and 243 shows one way in 
which this can be accomplished. In a 
proportional controller without reset the 
controller output (e.g., pressure on the 
control valve) is related directly to values 


of the measured variable. This means 
that with load changes, different con- 
troller outputs will be needed to maintain 
the same control point. Automatic reset 
supplies this flexible feature by adding a 
second controller response which changes 
the controller output at a rate propor- 
tional to the amount of deviation. 

There are still other possible responses 
that can be added to a proportional con- 
troller. The most common one, in addi- 
tion to reset, is called the derivative re- 
sponse. It changes controller output at a 
rate in proportion to the rate of change of 
the deviation. Its effect is to give the 
process an extra quantity of control me- 
dium if a sudden increase in demand takes 
place, then to cease its effect entirely as 
soon as the deviation has been arrested. 
One way to add this response is shown 
in Fig. 246. 


(a) Self-Operated 

Fig. 230—Self-operating pressure regu- 
lator. This controller adjusts its valve 
opening by the relation between the down- 
stream pressure applied to bottom of dia- 


phragm D and the pressure of a spring S. 
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ul Figs. 230-253—Automatic controllers and final control elements for process variables. 


If downstream pressure falls, valve opens 
wider, and vice versa. Self-operating 
temperature regulators are quite similar. 
Pressure of a filled (usually vapor pres- 
sure) thermometer system is applied to a 
bellows which opens or closes the valve. If 
temperature rises, valve closes to decrease 
flow of heating medium (or valve opens to 
increase the flow of cooling medium). 
Since some margin for operation is re- 
quired, these devices cannot give as close 
control as pilot-operated controllers. They 
are used for less critical control problems 
such as water heating, dry rooms, jacket 
water cooling, ete. 

Fig. 231—Hot chamber regulator (Ful- 
ton Sylphon). This device represents the 
class of intermediate controllers in which 
energy from the control medium is used to 
increase sensitivity of control. Hot cham- 
ber C within the steam valve (on supply 
side) receives vaporizing liquid from tem- 
perature bulb B if controlled temperature 
rises. This liquid vaporizes in C, provides 
energy to close valve against steam flow. 
Decrease in temperature at B allows vapor 
to condense, drawing vapor back from C 
and increasing valve opening. Thus valve 
throttles at opening determined by de- 
mand. 

Fig. 232 — Self-pilot pressure regulator. 
Except for small sizes, pressure regulating 
valves usually have a built-in pilot device 
operating from the pressure of the fluid 
being regulated. Valve in Fig. 232 is 
typical. Where self-operating type (Fig. 
230) gains control only from downstream 
side, self-piloted types use fluid bled from 
high pressure to low pressure side to act 
as a source of pilot energy. If down- 
stream pressure fails, diaphragm D, opens 
pilot valve P, allowing upstream pressure 
to force D, upward and increase opening 
of main valve M. When upstream pres- 
sure rises, D, closes P, opens L to low 
pressure side and allows D2 to fall and M 
opening to decrease. 
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Fig. 233—Self-operating flow regulator 
(W. A. Kates Co.). Constant pressure 
drop maintained across adjustable and 
moving orifices. Adjustable orifice set 
manually to desired flow rate. Compen- 
sating sleeve valve, located in the inlet 
flow, is connected to the moving orifice 
which is between the intermediate and 
outlet chambers. Pressure difference be- 
tween chambers operates moving orifice. 
Loading weight attached to sleeve deter- 
mines the balance pressure difference. 
Increase in inlet pressure causes rise in 
intermediate pressure. Sleeve and disk 
move upward, thus restricting inlet ports 
until intermediate pressure returns to 
original value above outlet pressure. In- 
crease in back pressure causes reverse 
action to take place. Pressure differential 
within unit adjusts valve position pro- 
portional to desired flow. 


(b) Pilots and Relays 


Figs. 234, 235, 236, 237 — Non-relay 
pilots. Pneumatie and hydraulic controls 
use various forms of pilot device to pro- 
duce an output pressure which varies in 
some suitable manner with a primary 
measurement. Most of them also incor- 
porate a relay to increase flow of pilot 
medium while changes are taking place. 
For simplicity relays are omitted in these 
figures. Fig. 234 represents the common 
flapper or baffle type in which the measure- 
ment is translated into position of the 
flapper before the nozzle. If the flapper 
approaches, pressure of air P, rises, leak- 
age at L decreases. The free-vane flapper, 
Fig. 225 (Bristol), was developed to over- 
come the disadvantage of the ordinary 
flapper that nozzle pressure does react 
on the flapper and hence on the measuring 
system. Vane V moves between opposed 
nozzles N so that the thrusts of the nozzles 
on the valve are cancelled out. Fig. 236 
shows the common ball-type pilot in which 


position of the ball B, controlled by the 
primary measurement, determines the pres- 
sure P, by varying the inlet oppositely to 
the leak L. Fig. 237 shows the unique 
hydraulic jet pilot used by Askania Regu- 
lator Co. A swinging jet pipe positioned 
by the primary measurement delivers 
more or less of its impact pressure to the 
pressure receiving device, depending on its 
position. This device ordinarily moves a 
piston by swinging back and forth over 
a partition separating pipes leading to the 
two ends of the piston. 

Figs. 238, 239, 240—Blectrical means 
of amplifying minute electric signals to 
give suitable outputs for recording, con- 
trol or telemetering. An _ elementary 
vacuum tube circuit, Fig. 238, permits 
amplification of a feeble a.c. voltage, usu- 
ally 1 v. or more, and produces an out- 
put signal many times stronger. Ampli- 
fication of signals in the millivolt range 
with minute power requirements takes 
place with a transistor (PNP type), Fig. 
239. The transistor in suitably arranged 
circuits can produce power gains in the 
order of 10,000 times. The principal ad- 
vantage is that the transistor does not 
require the power supply necessary for 
vacuum tube operation. The transistor 
responds at once with no lag for heating 
of cathodes and does not need to be kept 
in standby operation for response to 
input signals. The magnetic amplifier, 
Fig. 240, has two windings mounted on 
an iron core. The signal or control winding 
carries a d.c. input, the load winding a.c. 
The impedance of the load winding varies 
with the degree of magnetic saturation 
of the iron core. As long as the core is 
not saturated, the impedance of the load 
winding is high, hence little current flows 
in load. When the magnetic flux in the 
core is increased to saturation by the d.c. 
signal, the impedance of the load winding 
drops sharply and load current increases 
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in proportion. Load determines maximum 
current The magnetic amplifier controls 
load current between the limits of 3 to 
97% of full value. 

Conversion of remote electrical signals 
to another form of energy large enough 
to position valve stems or produce shaft 
displacements requires forms of relays. The 
relay then operates a pneumatic or hy- 
draulic system to effect necessary motion. 

Fig. 241—HBlectrohydraulic relay (Man- 
ning, Maxwell & Moore, Inc.). Input 
current causes unbalance of Microsen beam 
(see Fig. 207) and operates pilot valve. Oil 
supplied by gear pump is directed to power 
cylinder, thus producing movement of 
piston proportional to signal. Feedback 
spring, which is connected to output stem 
through a series of links, expands or con- 
tracts in response to stem movement and 
applies restoring force to the beam. Pilot 
valve ports are then closed and output 
piston is at required position. 

Fig. 242 — HElectropneumatic relay 
(Swartout Co.). Moving coil carrying the 
input signal is positioned in a magnetic 
field. The lever arm moves in response 
to this force, A signal for increased out- 
put pressure forces the pilot valve stem 
down, increasing supply air to booster 
relay diaphragm. The booster valve stem 
then rises and admits more air to control 
valve. When output pressure balances to 
new condition, booster valve closes on 
relay diaphragm, and feedback diaphragm 
moves away from pilot valve stem. System 
is then in balance at required pressure. 


(c) Pneumatic Controllers 

Figs. 2438, 244, 245, 246 — Pneumatic 
controller development. This sequence 
shows four steps in development of a con- 
troller from a relay-pilot-operated on-off 
controller, through a simple proportional 
type, to proportional plus reset and propor- 
tional plus reset plus derivative. In Fig. 
243 the nozzle-flapper combination of Fig. 
234 is combined with the ball pilot of Fig. 
236, the later positioned by a bellows B 
to act as a relay. Air pressure P, flows 
both to the ball valve and through restric- 
tion R to nozzle N. Flapper F is positioned 
by the measured variable. Changes in 
position of F through the relay action of 
B and the ball valve produce such great 
changes in P, that such an arrangement 
cannot throttle easily and so is used for 
on-off control. ‘To make this controller 
give proportional action it is necessary to 
add feedback as in throttling bellows 
B, in Fig. 244. When a change occurs in 
the primary measurement and flapper and 
relay change P, as a consequence, B, acts 
to move the flapper’s moving pivot away 
from the nozzle. Each position of the 
measurement gives a definite flapper posi- 
tion and definite output pressure Py Note 
that in arrangement shown, moving flapper 
towards nozzle decreases Ps. To change 
control point of controller, some way of 
changing length of link figure 1 is used. 
To change proportional band (throttling 
range), distance from pivot 2 to pivot 3 
is changed. 

Reset response. To obtain reset action 
in the controller of Fig. 244, an additional 
bellows B, and adjustable leak R are added 
as in Fig. 245. In Fig. 245 controller has 
droop, every value of load giving a slightly 
different control point. To obviate this, a 
“floating’’ component is added to the re- 
sponse by allowing the flapper pivot to 
move temporarily, as in proportional action, 
but after a time returning the pivot to its 
original position. P. is now applied through 
a new bellows B, to B,, giving initial re- 
sponse as in Fig. 244. However, after a 
time determined by setting of leak R, pres- 
sure in B, returns to atmospheric and 
flapper pivot returns to initial point. Leak 
rate is “reset time.” 

Derivative response, Fig. 246. Adding 
derivative or rate response to controller 
of Fig. 245 consists merely in adding an 
adjustable restriction between output line 
P, and reset bellows B,, thus slowing down 
effect of proportional action with a change, 
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and giving initial rapid change in P, almost 
as in Fig. 248. After a time this effect 
wears off as P, reaches bellows B,. Time 
for equalization is “derivative time.’ Most 
actual pneumatic controllers work much as 
these simplified sketches show, with proper 
adjustments added. Many actual varia- 
tions in design detail. 

Fig 247 — Stack type force-balance 
controller (Moore Products Co.). Controller 
shown has pneumatic set-point and vari- 
able measurement, proportional and reset 
action, with relay valve (See Fig. 220). 
Set pressure P, is balanced against meas- 
ured variable pressure P, by means of dia- 
phragms D, and D,. Restriction V, controls 
proportional band, and Vs, reset time. 
Pressure relations on diaphragms D., Dg, 
and D, control leak rate through nozzle L, 
and hence pressure over D,. In turn, this 
controls output P,; by either admitting air 
at M or exhausting at bleed B through 
porous center of D,. Pressure Pg under Dz 
opposes any change. D,; controls Ls, thus 
controlling pressure over D, in relation to 
flow rates through V, and R. 

Fig 248 — Beam type force-balance con- 
troller (Foxboro Co.). This controller uses 
a beam in form of circular annulus, pivoted 
above by rotatable pivot arm P and 
pushed upward against pivot arm P by 
four bellows, A, B, C and D. ‘These are in 
contact with annulus. With pivot points 
over bellows A and D, proportional band 
is zero. With pivot points over bellows b 
and C, proportional band in infinite. At 
intermediate locations, practical propor- 
tional band percentages are _ obtained. 
lsellows B contains set pressure and bellows 
C, measurement pressure. Bellows A is 
throttling bellows, and bellows D, reset 
bellows. Relations of these four pressures 
and the pivot points determine leak at 
nozzle N. Supply air flows through restric- 
tion R to nozzle N, also to relay valve. 
Nozzle pressure determines valve position 
in relay, and hence relation of bleed B 
and pressure delivered to control valve and 
bellows A. Any change in set vs. measure- 
ment pressures B and C causes beam to 
tilt depending on proportional band setting. 
Bellows A opposes change while D initially 
puts in no correction of its own, but 
gradually opposes A (aids change) as reset 
time runs out. 


(d) Electric Controllers 

lig. 249—Electric contact control, 
high-low type. One of several ways in 
which contacts can be closed mechanically 
in electric measuring instruments having 
a pointer. Pointer P swings freely except 
at intervals when a chopper bar C de- 
scends, pushing it against a contact table 
Tl. Table tilts if pointer is high or low, 
making corresponding contact with force 
enough to complete necessary circuit 
through relay, or direct. 

Photoelectric cut-off. Various types of 
control can be applied by means of photo- 
cell and light beam, for example in scales 
where a relay is tripped at set weight. 

Vig. 250 — Oscillating coil control pick- 
up (Wheelco Inst. Div.) Instrument pointer 
carries a vane which swings freely between 
coils in an oscillating electronic circuit. 
Coils are on control-point set arm. If 
vane V leaves coils, circuit oscillation 
changes, operates a relay to increase or 
decrease, turn on or shut off flow of control 
medium. In two-position control, vane 
movement of 0.006 in. will operate relay. 

Fig. 251 — Electric heat control, du- 
ration-adjusting type (Leeds & Northrup 
Co.). Controls % of time during a short 
eycle in which electric heat will be on, 
to give proportional control without cur- 
rent flow adjustment. Measuring circuit 
sets slide wire S,; which in turn sets S, in 
control bridge. Relay detector detects un- 
balance calling for heat and closes circuit 
to furnace, at the same time providing heat 
to a slow heater H, and a fast heater H, 
which provide heat to two bridge-circuit 
resistances R. Effect of heat in resistances 
is to rebalance bridge and cut off contactor 


which the measured value sets slide wire 
R which operates motor valve M in proper 


direction, at the same time changing slide 
wire S, until balance is reached, when the 


either direct, or with a differential trans- 


claimed accuraey of %%. 


combination of pressures or other forces 


can be moved to change lever arms. 
be used to add, subtract, multiply or aver- 
age pressures, or can be connected up as a 
pneumatiec-set, pneumatic-measure control- 
ler of proportional, or proportional plus 
reset type. Combination of two gives pro- 


ance of pressures P,, and P; determines 
output pressure P, which thus serves as a 


Fig. 260, but differs in detail. Different 
pressure or pressure diaphragms are ratioed 


not correct, contactor attached to captive 
stream diaphragm makes high or low con- 


quantity of treating solution into 1 through 


give infinite range of ratios, with accu- 


controller. 


C after time proportional to demand, 
Second slower heater adds response also 
for time that temperature has been off con- 
trol point so as to reduce time to return 
temperature to desired value. Condensers 
and resistances in output of second bridge 
supply reset, derivative and feedback. Com- 
bined outputs of two bridges is fed to 
amplifier for control of final element. 
Fig. 252 — Proportional electric con- 
trol. Various ways are used for obtain- 
ing proportional control electrically with 
bridge circuits. A simple circuit with pro- 
portional action only uses a bridge in 


8, Bridge unbalance is detected by relay 


valve motor stops. 

Fig. 253 — Electronic-pneumatie control 
(Swartwout Co.). Primary sensitive ele- 
ment is a resistance thermometer or some 
element such as a pressure gage, ma- 
nometer or other device which provides a 
potential proportional to measured value, 


former used as a transducer. Measurement 
is transmitted as a.c. over two wires to 
controller, and also to recorder. Control 
impulse, which is d.c., goes over two wires 
to manual control station and to a power 
relay at final control element which con- 
trols air supply to pneumatic control valve. 
System eliminates instrument lags, gives 


(e) Ratio Control 
Fig. 254 — Ratio totallizer (Hagan 
Corp.). Balance beam device operated by 


Fulerum F 
Can 


gives a combined output P,. 


portional plus reset plus derivative. Bal- 


forece-balance transmitter. 
Fig. 255 — Ratio control mechanism 
(Hays Corp.). Similar in general effect to 


by linkage having setting pointer, and 
link moving in a curved slot. If ratio is 


tacts to control damper motor. 

Fig. 256 — Proportioning pump paced 
by meter. Contact-making meter gives 
impulse to proportioning pump each time 
a certain flow quantity passes through 
main line 1. Then pump injects a fixed 


line 2. Many variations of this principal. 

Fig. 257 — Continuous-flow proportion- 
ing. Meter in main line drives a differen- 
tial gear V, or adjusts a variable speed 
transmission V interposed between driver 
D and pump P. Methods such as this can 


racies in the order of 0.01% 

Fig. 258 — Continuous flow propor- 
tioning with feedback control of secondary 
flow. Controller C maintains desired ratio 
between primary and secondary flow. 
Controller C in response to differential 
signal from main stream paces variable 
speed transmission V_ located between 
driver D and pump P. Differential tap 
in secondary stream continuously senses 
secondary flow and transmits signal to 
Controller, comparing primary 
and secondary flow to desired ratio, makes 
corresponding adjustment in pump speed. 

Fig. 259 — Optimizing controller 
(Quarie Controllers). Maintain operation 
of a process at a slope on the process 
eurve. Control is maintained at a pre- 
determined rate of change of an uncon- 
trolled variable with respect to a con- 


trolled variable. Basically the controller 


June 1957—Cnemicat, I;NGINEERING 


: 
J 
| 
| 
2 
wil 
‘ 
‘ 


254 Ps 
F 

| L, A 

4 

Signal out ‘s 


Ap 


(0) pyle) 


261 


o~ 


(b) d) 266 
Mates 
270. Gears 
Amplifier 
Valve 
stem 
motion 


Adjustable 263 
R 

268 

Relay 

Air 
supply 

Controller 

Valve pressure 


26—Controllers (Cont.) 


Figs. 254-273—Automatic controllers, timing device, and final control elements for process variables. 


makes a change Ax in the process y=f 
(x); predicts what the result y. of the 
change will be. After the process has 
stablized y’, from the change, the control- 
ler compares the expected result y. with 
the actual results y’, FurtHer con- 
trol action is based on the difference and 
direction between the actual and predicted 
values. As the desired slope is approached 
at y,, the size of the change increments Ax 
decrease to zero, thus giving stability to 
the control action. 

Fig. 260—Flow (pressure) ratio control 
(Askania Regulator Co.). Ratio of pres- 
sures or differential pressures in pipes 1 
and 2 sets position of jet pipe J (See Fig. 
273). Effect of two pressures may be 
adjusted by pivot point determined by 
ratio adjuster R. Jet pipe positions piston 
in power cylinder C to adjust damper in 
captive stream 2 for desired ratio. 

Cascade control, in closed-loop systems, 


involves adjustment of the set point of 
one controller in response to a signal from 
another controller. Each controller meas- 
ures separate but related variables. Cas- 
cade systems can be used to maintain a 
desired relationship between two variables 
(for an example, see Fig. 258); limit 
accurately a secondary variable; reduce 
load changes, nonlinearities and discon- 
tinuities, near their source; and improve 
the control circuit to reduce time lag. 


(f) Time Relations 


General: Many operations are conducted 
as variable against time. In other cases 
timers are used to start and stop processes 
without time-sequenced adjustment of con- 
trol point. Fig. 261 shows a typical cut 
cam for use on a round-chart recorder- 
controller equipped with a control point 
follower. Cam is printed with chart for 


ease in cutting to desired time-variable 
relation. In some cases where processes 
may change from time to time, it is pos- 
sible to use an adjustable cam similar to 
the type shown in Fig. 262. Interval 
timers usually are provided with a time 
dial and one or more hands which move 
counter-clockwise. Fig. 263 shows one 
type. Hand 1 is set to total time T. Hand 
2 moves to position 1 and starts process. 
When hand 2 reaches 0, process stops. 
At any intervening time R, hand 2 shows 
remaining time. In processes involving 
many time-sequenced parts program con- 
trollers as in Fig. 264 are used. Here a 
motor drives a shaft carrying cams 1, 2 
and 8. Such cams can be used to vary 
control points of pneumatic-set controllers 
as well as to start or stop various portions 
of the process at predetermined times. 
Cams can also be used to operate electric 
switches. 


27—Final Control Elements 


General 

Most commonly, the final control ele- 
ment in an industrial control system is a 
valve since a fluid is likely to be the con- 
trol medium. However, it may be a posi- 
tioning device for other purposes, a switch, 
rheostat, variable-speed drive, damper, etc. 
Since valves are the most important of 
these elements, this section will be confined 
to them, although it should be understood 
that most of the operators described can 
be applied to other final elements than 
valves. 

Valve characteristics. Control valves 
are of many designs but in general their 
characteristics may be described as bev- 
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elled disk, V-port, equal-percentage plug, 
equal-percenage V-port, and linear plug. 
For throttling service, control valves are 
usually double-seated so as to be substan- 
tially balanced against line pressure. 
Valves may open on increase in pressure 
of the control medium, or they may close 
with medium pressure increase. In most 
control applications today, the so-called 
characterized valves are used. Fig. 265 
shows the main inner valve types: a is a 
bevelled disk, 6 a V-port, c and d equal- 
percentage plug and V-port inner valves, 
and e a linear plug. Sketch e shows both 
parts of the double plug as used in bal- 
anced valves. 


(a) Pneumatic Operators 


Valve design. Many control valves in- 
corporate special features such as finned 
bonnets for cooling of the stuffing box on 
service above about 400F. ; special methods 
of reducing stuffing box friction or pos- 
sible leakage, such as bellows type seals, 
grease seals and special packing; exten- 
sion bonnets to prevent freezing; and 
special types of closure device, such as 
pinch valves, flexible diaphragm valves 
(Saunders type), and dampers, etc. 

Fig. 266—Diaphragm-top valve. Com- 
monest type of control valve operator is 

Continued nert page 
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27—Final Control Elements (Cont.) 


the diaphragm top, making the valve a 
“diaphragm motor valve’ (DMV). Dia- 
phragm tops are of two types: air-to-open 
and air-to-close. In either case the motion 
of the diaphragm is opposed by a cali- 
brated spring so as to make valve stem 
position proportional to pressure. An in- 
teresting modification in diaphragm valve 
tops is the Isoforce actuator (Foster 
Knug. Co.) which combines some of the 
features of the conventional top (Fig. 266) 
with the piston top (Fig. 269). This top, 
Fig. 267, uses a diaphragm over a piston. 
The diaphragm seals the piston friction- 
lessly, permitting full stroke, and use of 
higher pressures. 

Fig. 268—Valve positioners. Owing to 
friction in stuffing box of a control valve, 
it is difficult to position stem accurately 
in proportion to controller output pressure. 
Also, there will be hysteresis. A positioner 
can be used to make stem position accu- 
rately responsive to pressure. Positioners 
vary in detail but in general are similar 
in principle to Fig. 268 in which controlled 
output pressure is applied to one end of a 
beam supported at other end by valve 
stem. Beam acts as a flapper in conjunc- 
tion with a nozzle and relay air valve. In 
air-to-close valve shown, increase in pres- 
sure lifts beam, raises nozzle pressure and 
lowers valve stem (feedback) to bring 
definite stem position. 

Fig. 269—Piston-top valve (Annin Co.). 
Longer stem travel, together with more 
power for large valves can be secured with 
a piston-type valve motor. Design shown 
has built-in positioner giving stem position 
directly proportional to controller output 


pressure. Piston loaded on top with con- 
stant pressure in L from reducer. Instru- 
ment pressure inside double bellows B is 
balanced against calibrating spring S, 
positioning pilot valve which controls 
admission of air either under piston, or 
to exhaust E. Position accurate to 0.001 in. 


(b) Electric and Hydraulic Operators 


Combination valve operators. With the 
coming of electronic control a need has 
developed for setting the opening of the 
final control element from a small electric 
signal. Although there is some develop- 
ment in all-electric valves for this pur- 
pose, most of the effort thus far has been 
in combination operators which receive an 
electric signal and produce a controlled 
output of air or a liquid under pressure. 
Some of these relay devices have been dis- 
cussed in Sect. 26b. See Fig. 241 for an 
electrohydraulic operator and Fig. 242 for 
an electropneumatic operator. 

Fig. 270—Electrie valve operator (Nor- 
wood Controls, others). The d.c. signal 
from the controller is amplified and oper- 
ates a geared motor driving the valve 
stem. Valve position is converted to an 
electrical signal which feeds back into the 
amplifier circuit where it is compared 
with the signal. Any difference is ampli- 
fied to drive the valve to a position exactly 
proportional to the original d.c. signal. 

Fig. 271—-Solenoid valves (Automatic 
Switch Co., others). Solenoid valves are 
of many types, but most are open-and-shut, 
either opening with current in the coil, or 
when the circuit is broken. Consequently, 


they are commonly used as dump valves 
and for emergency purposes, leaving 
throttling applications to conventional 
control valves. Where more power is re- 
quired, solenoid valves can be pilot op- 
erated. 

Fig. 272—Hydraulic valve operator (Re- 
public Flow Meters Co.). Hydraulic oper- 
ator can be applied to valves, dampers and 
the like. Primary indication is applied 
through a spring-balanced beam to a rod 
controlling leak at L. Oil (or air) pressure 
is applied both above and below piston F., 
area above being less. Restriction in line 
to cylinder below piston makes control of 
under-piston pressure possible with aid of 
leak. Piston movements are converted to 
position of final control element. Through 
a dash pot they are also transferred to 
beam for applying feedback action. 

‘ig. 273 — Hydraulic valve operator 
(Askania Regulator Co.). Primary meas- 
urement positions jet pipe J which projects 
liquid under 100 lb. pressure against 
openings leading to two sides of piston. 
When jet strikes half way between, pres- 
sures are equal. Minute deflection will 
alter pressure on one side or other and 
drive piston to new position. For most 
applications where piston should be able 
to assume intermediate positions, some 
sort of mechanical feedback would be used 
to make piston position accurately pro- 
portional to jet pipe position. Can be used 
for driving valves or other final control 
elements against high pressures. since 
about 90% of static pressure in operating 
liquid is recovered as effective pressure 
against piston. 
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1,000 psi... 700°F... 
and you’ve got to mix it! 


Every once in a while, you’re likely to bump 
up against a fluid mixing problem that 
looks impossible. 

In case this should ever happen to you, 
consider the job this LIGHTNIN Mixer has 
to do at Newport Industries Company’s 
fine-chemicals plant, Pensacola, Fla. 

This plant produces USP menthol, NF 
thymol, USP camphor and other pharma- 
ceuticals, and rubber chemicals. The vessel 
you see here is used for gas dispersion. It 
must operate at 1,000 psi and 700°F. 

The mixer is a standard 5 HP top enter- 
ing LIGHTNIN with a water-cooled stuffing 
box designed especially for these pressure 
and temperature conditions. It has been in 
service for more than two years. 

For fluid mixing that does what you want 
it to do—efficiently, dependably, without 
guesswork—call in your LIGHTNIN Mixer 
representative now. You'll find him listed 
in Chemical Engineering Catalog. Or write 
us direct. 


LATEST MIXING INFORMATION and full description of LIGHTNIN Mixers, 
for these helpful bulletins: 

% or bottom entering; tur- (1 Side entering: 1 to 25 HP [[] Quick-change rotary me- 
‘ine, paddle, and propeller (B-104) . chanical seals for pressure 
tT to 500 HP (B-102) [J Laboratory and small-batch and vacuum mixing (B-111) 

%p entering; propeller production types (B-112) 
res: A to 3 HP (B-103) (J Condensed catalog showing [[] Data sheet for figuring mixer 
Iitable: Ye to 3 HP (B-108) all types (B-109) requirements (B-107) 


Check, clip, and mail with your name, title, company address to: 


ANG EQUIPMENT Co., Inc., 128-f Mt. Read Blvd., Rochester 11, N.Y. 
mada: Greey Mixing Equipment, Ltd.,,100 Miranda Avenue, Toronto 10, Ont. 


— 
: : 
| ing 
MIXCO fivid mixing specialists 
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Design for Liquid-Liquid Equilibrium 


If you use mixed solvents for extraction, the phase relations 
can be baffling. This review should clear up some difficulties. 


JAMES 0. OSBURN, State University of Iowa, Iowa City, Ia.* 


When we use solvent extraction we ordinarily 
have three components: a solute and two solvents. 
In our last article in this series (Chem. Eng., May 
1957, p. 276) we discussed the phase relationships 
of three-component systems that apply to liquid 
extraction. 

In some liquid-liquid extraction processes we en- 
counter four components—sometimes even more. 
These cases are the most common: 

eSolute consists of two different components. 
Both are to be transferred from one solvent to the 
other. 


¢ Solute consists of two components which we 


want to separate from each other by distribution 
between two solvents. This process is called frac- 
tional extraction with a double solvent. It can be 
used to give very good separations. 

One of the solvents is a mixture of two sub- 
stances. By using a mixed solvent, we have a con- 
trol over the solvent power and distribution ratio 
that we can’t get with a pure solvent. 

Compared with three-component equilibrium data, 


*To meet your author see Chem. Eng., Nov. 1956, p. 415 
and April 1957, p. 328. 
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four-component data are more difficult to portray 
and to use. In this month’s discussion we’ll extend 
our treatment of liquid-liquid equilibrium to include 
this more difficult situation. We’ll show how some 
of the difficulties of representation can be overcome 
or minimized. 


It’s Easy With Immiscible Solvents 


The techniques we are going to describe will 
apply to the general case. Assume that the solvents 
are partially soluble in each other, and that addition 
of solute increases the miscibility to the point 
where it is complete. 

Fortunately, the situation is usually simpler than 
this. If we choose solvents wisely, we will usually 
get two solvents that have a very low miscibility, 
in order to minimize the solvent loss in the raffinate. 
In addition, for good separation we ordinarily op- 
erate an extractor with dilute solutions. For these 
solutions the solubilizing effect of the solute is not 
large. 

Under such conditions the equilibrium can be 
described by a distribution coefficient. This is the 
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ratio of the weight fractions of one solute in the 
two solvent phases: a 
ma = 

We can write a similar equation for solute D. 
The ratio m,/m, is the selectivity, 8, a measure 
of the ease of separation of A and D from the 
mixture. 

Since we assume the solvents to be completely 
immiscible, only the solute compositions can vary 
and the composition of the phase in equilibrium 
with another phase can be calculated easily. 

For example, let’s find the C-rich phase in equi- 
librium with this solution: Xz, = 0.90; Xu, = 0.05; 
and Xp, = 0.05. The distribution coefficients are: 
m, = 2.0; and mp = 0.5. 

First we calculate X4¢: 


Xac = ma Xap = (2.0) (0.05) = 0.10 
= mp = (0.5) (0.5) = 0.025 


Total solute = 0.125 
Solvent Xcc = 1 — 0.125 = 0.875 


What If the Assumptions Aren’t Valid? 


The special case just described is the most useful. 
However, the general case we’re going to describe 
next is also useful, and it is also of greater theo- 
retical interest. 

Let’s analyze four-component equilibrium as we 
have done for fewer components. From the phase 
rule, 

F=C-—-P+2 
we get the degrees of freedom, F: 
4—P+2,or6—P 

Even when we reduce the degrees of freedom by 
holding temperature and pressure constant, we have 
4 — 1 or three degrees of freedom for one phase. 

We need three dimensions to represent three 
degrees of freedom. One phase is represented by a 
volume, two phases by a surface, three phases by 
a line. 

The best we can do on a flat sheet of paper is 
to draw a picture of what such a three-dimensional 
would look like. This helps us visualize the relation- 
ships, but it isn’t good for making calculations. 

A quarternary or four-component system is made 
up of four three-component systems. Since each 
of these can be represented at constant temperature 


Nomenclature (Consistent Units) 


A, B, C, D Components in a solution 
C Number of components 
F Degrees of freedom 

m Distribution 

P Number of phases 

X Weight fraction 

8 Selectivity 

Subscripts 

A, B, C, D Of component A, B, C, D, etc. 
AA Of A in the A-rich phase 
AB Of A in the B-rich phase 
AC Of A in the C-rich phase 
AD Of A in the D-rich phase 
BB Of B in the B-rich phase 
etc. 


and pressure on a triangular diagram, when we put 
them together in a quarternary system we get a 
pyramid. One of the ternary diagrams appears on 
each face of the pyramid. 

Let’s assume that we have components A, B, C 
and D, of which B and C are partly soluble, and 
all other pairs are completely miscible. The three- 
component, partly soluble systems ABC and BCD 
appear as faces on the quarternary pyramid, and 
they have a common edge. 

We’ve sketched this diagram as Fig. 1. This 
diagram is a single-binary quarternary when only 
one pair of components is immiscible. 

If two pairs of components are only partly mis- 
cible, such as AC and BC, we have a double-binary 
quarternary. This might look like Fig. 2. When 
there are three immiscible binaries, one possibility 
is as shown in Fig. 3. With a little ingenuity you 
can construct other types. 


To Characterize a Quarternary System 


Let’s go back to the single-binary quarternary 
diagram and look at some of its features. For our 
example, we’re using the diagram for acetone 
(A)-water (B)-chloroform (C)-acetic acid (D) at 
25 C. as given by Powers in Chem. Eng. Progress, 
Vol. 50, p. 293 (1954). 

First, let’s consider the two-phase or solubility 


surface. This surface terminates in the solubility: 


lines in ternary faces ABC and BCD. There are 
plait points in each of these two ternary diagrams. 
In ternary liquid equilibrium, the plait point is 
the composition at which two phases in equilibrium 
have identical compositions. 

In quarternary equilibrium, there is a whole 
series of plait points forming a line that joins the 
ternary plait points. This line is on the solubility 
surface and it is not necessarily straight. Com- 
positions above the plait point are in the C-rich 
phase, and those below are in the B-rich phase. 
The compositions in equilibrium might be joined 
by tie lines, but here the representation becomes 
too complicated. Tie lines do not have to lie in any 
particular plane, and to correlate them we have to 
use some auxiliary two-dimensional diagrams. 


How to Reduce to Two Dimensions 


Pyramid diagrams can be useful in helping us 
visualize equilibrium relationships, but we can’t 
use them with any precision for engineering calcu- 
lations. 

We might—at great labor and expense—build a 
three-dimensional model, and even draw in a num- 
ber of tie lines. But this would be very unwieldy 
to use and would have to be a very large model to 
give us any precision at all. We’ll find it much more 
satisfactory to make a transformation that enables 
us to work with two dimensions. 

Starting with the pyramid diagram, let’s take 
slices perpendicular to edge DB at equal intervals 
of X>. This is equivalent to fixing another degree 
of freedom by fixing the composition of D. When 
we get down to the solubility surface, each slice 
will intersect this surface in a solubility line. 

Then, as shown in Fig. 4, we superimpose these 
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CHEMICALS DIVISION, ATLAS POWDER COMPANY, WILMINGTON 99, DELAWARE 


Atlas Powder Company, Canada, Lid., Brantford, Ontario, Canada 


to-purify @-product that has a 
‘large amount of color contamination in it, 
don’t figure that activated carbon would 
be uneconomical. For this kind of appli- 
cation, we have developed a special 
“grade, DARCO KB, that can do the trick 
you, 


_ DARCO KB Js often our recommendation 


for decolorizing monosodium glutamate, 
waxes, oil, and fine chemicals like methio- 
nine and plasticizers. Its particular claim to 
fame is that it has unusually high adsorp- 
tive power. Where impurity concentrations 
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When liquid products—beverages, in 
particular—look cloudy instead of clear, 
the consumer is apt to suspect impuri- 
ties are present. One unfortunate experi- 
ence can lose you a customer. 


To prevent turbidity, take a close look at 
what causes it. Generally the guilty 
party isasubstance that is at the point of 
precipitation, due to limited solubility, 
when the solution is first prepared. Then, 
due to changes in temperature or other 
action that lowers solubility, the haze- 
former falls out of solution. 


Most haze-forming materials are large, 
complex molecules. And these are a 
natural for removal by activated carbon. 
People who make sugar for beverage use 
have to be especially careful about haze. 
That’s why they use Darco activated 


are so high that an extra large dosage of 2 


ordinary carbon grades would be needed, 
you can get by with considerably less 
DARCO KB. At the same time, it has high 
bulk density; so your filtering, handling 
and storage costs are reduced. 


Before you go overboard on DARCO KB, 


give us some of the details about your 
problem. Could be that you're not in as 
bad trouble as you thought. At any rate, 
we can probably recommend the best 
way to tackle your problem, and the best 
all-around grade of DARCO to use. 


Want prevent haze 


USE 
ACTIVATED 
CARBON 


carbon to remove floc precursors that 
might otherwise cause haze when the 
beverage is in storage. Brewers, too, use 
Darco to prevent the “chill haze” that 
is caused by certain nearly insoluble 
proteins present in beer. 


We’re old hands in the haze-prevention 
business. Call on us for help on your 
specific problem. 


—entrapment 


The function of activated carbon in col- 
lecting adsorbable materials can be put 
to other uses than the usual purification 
applications with which you’re familiar. 
For instance, you can often use activated 
carbon to entrap materials that you 
don’t want to reach a protected location. 
This idea has been put to work in oil 
wells. Surface active materials intro- 
duced in the drilling fluids sometimes 
interfere with the setting of the cement 
that is poured around the upper well 
casing. Add carbon to the cement, and 
the surface active agents collect on it 
like flies on flypaper. 


On the same theory, some tire makers 
have been putting a small amount of 
activated carbon in tires. Its purpose is 
to trap black dyes that tend to bleed 
through to white sidewalls and cause 
unsightly stains. 


Another unusual facet of this kind of 
application: the carbon stays in the 
product, instead of getting filtered out. 
Maybe there are possibilities here for 
you. We'd be glad to talk over any ideas 
this thought may arouse. 
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represents 
plait points 


Plane Xp = 0 


Plane Xp = 0.2 


Plane Xp= 0.4 


B" A" 


326 


Slicing Planes Reduce Three Dimensions to Two for Calculation Ease—Fig. 4 


1.0 


lines on our paper and label each with a corre- 
sponding value of X». Now we have a two-dimen- 
sional plot of the four-component equilibrium. 

According to Braneker, Hunter and Nash [Jnd. 
& Eng. Chem., Vol. 33, p. 880 (1941) ], the satura- 
tion surface for the system they studied is the locus 
of straight lines joining the ternary saturation 
lines and lying in planes perpendicular to the ‘edge 
which contains the insoluble pair. What this means 
in terms of the diagram we are using is that the 
curves are spaced equidistant in a horizontal di- 
rection. 

However, this may not be necessarily true for 
all systems. 

The location of the plait line can be shown on 
this reduced plot. We can show that this diagram 
is sufficient to represent any point on the three- 
dimensional solubility curve. For example, let’s 
calculate the plait point compesition at X, = 0.2. 

From Fig. 4, at this point 


Xa = 0.35 
Xp = 0.28 
Xc = 0.20 

0.78 


and by difference, X, = 0.22. 


We Need Other Diagrams for Tie Lines 


Although it represents the solubility satisfac- 
torily, the diagram shown in Fig. 4 doesn’t tell us 
anything about the tie lines. For this, we need two 
other diagrams. 

If we know a composition in the C-rich phase, 
and want to calculate the composition of the B-rich 
phase in equilibrium with it, we prepare distribu- 
tion diagrams like those shown in Fig. 5. 
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FUTURE GROWTH OF CHEMICAL 
AND INDUSTRIAL PROCESSES — 


NG 


@ AN ADAMS REPORT 
Number 2 of a Series 


How much water do you need to 
make: a ton of steel? a ton of syn- 
thetic rubber? a ton of bromine? 
a barrel of beer ? 

These are not empty questions. They 
point to a critical problem which 
confronts management today in its 
plans for tomorrow. It is more crti- 
cal than most of us realize... for 
industry today uses as much water 
as all other users. 


Industry’s Needs in 1975 
Water is vital for chemical and 


industrial growth. By 1975, industry | 


will require 215 billions of gallons 
daily. That is a 100% increase over 
our current industrial consumption 

. more than we currently consume 
for all uses combined. 


Competing for this water will be 
irrigation farmers and the general 
public. Their combined needs by 
1975 will be up 40 billion gallons 
aday ... possibly even more. 


What is the Supply Picture 

More than 40% of the communities 
in the United States already have a 
critical water supply problem. Yet, 
to meet the 1975 needs, our supply 
must be expanded by 50%, at an 
estimated cost of $50 billion. 


Indications are that industry is 
going to have to bear its part of 
this cost. Certain communities are 
already moving to place flat water 
rates on all users... regardless of 
the volume used. Other groups are 
demanding a national water policy 
with full Federal Government regu- 
lation of natural sources. 


Chemical Industry's Stake 
Shortage of water can be a most 
serious threat to the expansion 
hopes of the chemical industry. A 
glance at the following table shows 
why. You need approximately: 


20,800 tons of water per ton of Bromine 


2500 ’ ” Synthetic rubber 
300 ” ” ” ” ” ” Newsprint 
208 ” ” ” ” ” ” Smokeless 

powder 


While process refinements may be 
able to reduce slightly the amount 
of water needed for each product, 
the gains will be minor. 
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Difference Between 
Use and Consumption 


This is best illustrated by the water 
needed to make a ton of steel. The 
industrial average is 65,000 gallons 
(271 tons). In the past, 65,000 gal- 
lons of water flowed out of a river 
through the steel mill and back into 
the river again for each ton of steel 


-made. In this case, use and consump- 


tion are one and the same thing. 


On the west coast, a large steel mill 
now requires only 1,100 gallons of 
makeup for each ton of steel pro- 
duced. This steel mill has its own 
recirculation system which holds 
several million gallons of water. 


This water is recirculated at a rate 
equal to 65,000 gallons per ton of 
steel produced. The only water 
consumed is that lost due to evapor- 
ation or through leakage. Thus, net 
consumption has been reduced 
to 1,100 gallons. 


Two Bulletins Available 


One of the most important pieces of 
equipment in a recirculation system 
is a filter. Where high quality pro- 
cess water is needed, diatomite filters 
will provide an effluent second only 
to distilled water. Bulletin 651, 
released by the R. P. Adams Com- 
pany, Inc., 507 E. Park Drive, 
Buffalo 17, N. Y., covers this type of 
industrial water filter. 


A second publication, Bulletin 909, 
covers an Automatic Water Filter 
which is frequently used in recircu- 
lation systems where the water is 
used for less critical applications. 
This bulletin is also available on 
request from the R. P. Adams Com- 
pany at the above address. 


By the way, it takes almost two tons 
of water to brew a barrel of beer. 


NEED A FILTER) 


FOR CORROSIVE LIQUIDS 


Adams CFR are 
rubber lined filters 
which meet corro- 
sion problems which 
require this type 
construction. Where 
lead lining is a 
must, the Adams 
CFL filter will meet 
your needs. Each 
tubular element of 
either filter may be 
removed individu- 
ally for inspection, 
or replacement. 


Adams CVF Filters 
are available in car- 
bon steel, stainless 
steel, Monel and 
Nickel construction. 
Also constructed 
with submerged 
head for personnel 
safety and with 
outer jacket for use 
with steam or 
refrigerated coolant 
to maintain desired 
temperature. 


All Adams Filters provide safe cleaning without disassembly by a sudden, high 


» velocity reverse flow of backwash liquid. 


Do you have a filtration problem where corrosive liquids must be ag a high 


polish? Where there is danger to personnel? Where there is a prob 


erature control? 


The R. P. Adams Com 
problems...or a combination of all 


em of temp- 


ny has a - of filters which will solve any one of these 


We may not have the answer to your nets problem, but the chances are we do. 
For the fastest action. we suggest you use the coupon below, or write for Bulletin 


431 on your company letterhead. 


R. P. ADAMS COMPANY, INC. 


Name 


57 


207 E. PARK DRIVE — BUFFALO, 17, NEW YORK 


We have a problem involving the filtration of corrosive liquids. Please send us your Bulletin 431. 
Also, ask your local representative to call on us. 


C 


Street. 


City. 


State. 
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CE REFRESHER... 


fraction of A in the B-rich phase, (Xa) 


04 
These Two 
Distribution Diagrams... 
ny 
(Xp) ¢ 025fo2z/ 01 
Fig.5a 
fe) 0.1 02 03 04 


Wt. fraction of Ain the C-rich phase Ye 


yt. fraction of D in the B-rich phase,(Xp) g 
0.5 


..» Help You Calculate 


0.1 
Complete Phase 
Composition 
Fig. 5b 
fe) | l 
ie) 0.1 0.2 0.3 04 


Wt. fraction of D in the C-rich phase, (Xp), 


Here the equilibrium compositions of the B-rich 
phases are shown as a function of two of the com- 
positions of the C-rich phase. One diagram is for 
the composition of A, and one for the composition 
of D. With these and the solubility diagram, you 
can calculate the complete phase composition. 

For example, let’s calculate the composition of 
the B-rich phase in equilibrium with a solution 
whose composition is: X,- = 0.40; X,, = 0.10; 
Xv = 0.42: and Xs, = 0.08. 
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From Fig. 5a, X4, = 0.22; from Fig. 5b, X,, = 
0.27; from Fig. 4 (where X, = 0.22 and X, = 
0.27), Xc = 0.27. By difference, X;, = 0.41. 

If we should want to go in the reverse direction 
and find C-rich phase compositions from those in 
the B-rich phase, we would replot the distribution 
data using Xp, and X,4, as parameters. 


Can We Correlate Tie Lines? 


Because of the great difficulty in measuring four- 
component equilibrium, and because a relatively 
large amount of three-component data is available, 
attempts have been made to draw in quarternary 
tie lines based on the tie lines in the three-com- 
ponent systems. 

From the information available, the changes pro- 
duced by a fourth component are rather regular 
and predictable. Prince, in Chem. Eng. Science, 
Vol. 3, pp. 175-186 (1954), has developed correla- 
tions which worked well for two systems. The big- 
gest difficulty is that there are so few quarternary 
data for testing correlations. 

Therefore, we can not use these correlations 
with much confidence. 


Note This Important Limitation 


The diagrams we have described permit us to 
calculate compositions in a countercurrent extrac- 
tion process. Powers [Chem. Eng. Progress, Vol. 
50, p. 293 (1954)] gives an example of this. 

In batch extraction we have a composition in 
the two-phase region and we must find the com- 
position of the two phases into which it will sepa- 
rate. In a three-component system we do this by 
drawing in some tie lines until we find one that 
goes through the desired point. 

There is no way that we can do this for four 
components. Thus, we have the paradox that coun- 
tercurrent extraction calculations are fairly easy, 
while those for batch extraction are impossible. 


When There Are Mare Than Four 


Four of the largest number of components we 
can handle conveniently and still recognize each one 
separately. With a greater number we have to 
resort to the scheme of grouping some of them 
together to form a “pseudocomponent.” By this 
technique we reduce the number of components to 
three, which can be plotted on a two-dimensional 
diagram. 

Although this is not strictly correct from the 
point of view of the phase rule, it works. And this 
technique has been used with good results for 
extraction calculations that involve lubricating oils 
and vegetable oils. 


Next Month: Solving Flow Problems 


With many thanks to Jim Osburn for this fine 
eight-part series on physical equilibrium, we'll 
focus our attention next month on some simplified 
methods for handling your fluid flow calculations. 
This two-part CE Refresher series will be authored 
by Lloyd M. Polentz of Whittier, Calif. —EpItor 
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Canadian industry has developed a great 
appetite for hydrocarbons, from which or- 
ganic chemical derivatives are produced. 
The multi-million-dollar petrochemical 
project now in progress for Imperial Oil 
Limited at Sarnia, Ontario, will go a long 
way toward satisfying that appetite. This 
plant, in effect, will be a “food bank” for 


- the supply of hydrocarbons for the Cana- 


dian chemical industry, including buta- 
diene and ethylene. 


Like many other projects undertaken by 
Bechtel, the Imperial plant is a “grass. 
roots” project—engineered and built from 
the ground up under single responsibility. 


BECHTEL CORPORATION 


SAN FRANCISCO « Los Angeles » New York * Houston 
CANADIAN BECHTEL LIMITED « Toronto * Vancouver 
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Preliminary layout models, almost as realistic 


_ as a professional job, are not hard to produce. 


%& March Contest Winner by 


William B. Speir 


Staff Engineer, Industrial Planning Dept., The Rust Engineering Co., 


Birmingham, Ala. 


In recent years there has been 
a many-fold increase in the use 
of scale models at various stages 
of the design of chemical process 
plants. Many articles have dwelt 
on the advantages of using mod- 
els. It will not be necessary to 
repeat them here, except to point 
out that much money is being 
saved on drafting costs alone 
through their use. Our experi- 
ence at Rust Engineering Co. 
has been similar to that of other 
companies using design models. 
We find that appreciable savings 
can be effected, while a better 
job can be done through their 
use. 

The idea of “Erector-set” kits 
for model building is not new 
and several are available com- 
mercially. However, the models 
made from such kits are only a 
crude representation and need a 


*See p. 336 for Contest rules and 
next month’s winning article. 


very active imagination to vis- 
ualize what the finished plant 
will look like. Realism and ac- 
curacy have taken a back seat 
in the effort to achieve flexibil- 
ity. Even so, these models are 
useful, which speaks well for the 
power of the tool of three-dimen- 
sional presentation. 

At Rust we experimented ex- 
tensively with various types of 
engineering models, uncovering 
the inherent shortcomings which 
reduced their effectiveness. We 
found that a good system for 
preliminary models should have 
the following characteristics: 
(1) Permit models to be set up 
quickly; (2) be flexible enough 
to allow changes to be made 
quickly to try out various ar- 
rangements; (3) be as realisvic 
as possible to gain maximum 
value in the design phase of a 
project. 

We felt that if these charac- 


Do-It-Yourself Models for Layout Studies 


teristics could all be incorpo- 
rated in the system, we would 
have developed an extremely 
valuable tool for deciding on 
plant layouts. In many model 
systems the building is slow and 
the permanent character of the 
result serves to discourage major 
changes once a model is set up. 
The main function of a pre- 
liminary model, however, is to 
give engineers a device to test 
the value of different arrange- 
ments as they occur to them. So, 
in achieving ease of construction 
and flexibility, we would have 
restored the preliminary model 
to its proper place in the design 
picture. 

Rust’s Industrial Planning De- 
partment therefore took what it 
had learned about models and 
developed a system with both 
flexibility and realism. Although 
each project differs to a greater 
or lesser degree from the last, 
the components of the new sys- 
tem can easily be modified to fit 
a wide variety of installations. 
The system is especially useful 
in multi-story layouts. 

In addition to the criteria of 
flexibility and realism, we set up 
certain other goals for our de- 
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WHEN AN INDIRECT-HEAT DRYER 
~~ CAN BE RIGHT FOR YOUR PLANT 


For over.55 years, Louisville Dryers have 
been solving industry’s drying problems 
and effecting marked economies. The rec- 
ords of this experience can often be 
applied to specific cases, possibly yours. 
For example... 


Q. My material is a filter cake, practi- 
cally all minus 325 mesh, and must not 
contact furnace gases. It can be heated 
to 500° F. atleast, without injury. What 
type of dryer would do the job best? 


A. You might consider using a direct- 
heat rotary dryer that utilizes 
clean, heated air as the drying me- 
dium—air heated by steam coils or 
a gas or oil fired heat exchanger. 
However, this introduces a consider- 
able dust collection problem. Besides, 
from a standpoint of capacity, it is 
inefficient as well as from a heat- 
cost standpoint. This makes it unduly 
expensive. Therefore, a type of in- 
direct-heat rotary dryer is indicated 
which would greatly reduce both the 


dust problem and the heat cost. 
Q. What is meant by an indirect-heat 


rotary dryer? 

A. One in which the material to be 
dried is warmed by contact with the 
heated metal surfaces, which in turn 
are heated by the medium used (usu- 
ally furnace gases or steam). Those 
using furnace gases are called 
‘indirect fire dryers”. Atmospheric 
and vacuum drum dryers are ex- 
amples of steam-heated indirect 
dryers, but the type in greatest use 
is the steam tube dryer. This is often 
referred to as the ‘‘Louisville Type” 
because of the thousands of Louisville 
Steam Tube Dryers built during the 
past 55 years. 


Q. How does an indirect-heat dryer 
minimize the dust problem? 


A. In an indirect-heat dryer, only 


enough air is admitted to carry off 


the evaporated moisture. Thus, the 
air has nothing to do with the heating 


LOUISVILLE DRYING MACHINERY UNIT 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


of the materia]. Generally, this low 


air velocity results in insignificant 


dust loss. 


Q. How does this differ from the opera- 
tion of a direct-heat dryer? 


A. In direct-heat dryers, the hot 
air furnishes the heat for drying be- 
sides removing the evaporated 
moisture. The amount needed to sup- 
ply the necessary heat results in a 
sufficiently high velocity through the 
dryer to carry out an excessive 
amount of fine material particles. 


Q. It seems I need an indirect-heat 
dryer. How can I get competent advice 
and more information regarding my 
particular requirements? 


A. The Louisville Dryer engineering 
staff will be glad to analyze your re- 
quirements, arrange for necessary 
ee tests, and submit an un- 
i: recommendation accompanied 
by estimated costs. You incur no 
obligation by using this service. 


Dryer General Sales Office: 139 So. Fourth Street, Louisville 2, Kentucky 


Eastern Sales Office: 3830 Madison Avenue, New York 17, New York 
In Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario, Canada 
General Offices: 135 S. La Salle Street, Chicago 90, Illinois 
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PLANT NOTEBOOK .. . 


sign: (1) That the system 
should allow equipment to be 
supported at any location or 
elevation desired; (2) that the 
resultant model should photo- 
graph well; (3) that it could be 
set up and modified by engi- 
neers, rather than professional 
model makers; (4) that it be 
sturdy and self-supporting; and 
(5) that it permit piping and 
materials handling to be shown. 

The heart of the system is a 
pegboard base on which extruded 
aluminum columns can be set 
upright. Each column has a 
turned section at one end and a 
hole drilled in the other. The 
turned end fits the pegboard, but 
also fits the hole so that column 
sections of various lengths can 
be put together. 

Floor beams are _ supported 
from cast aluminum brackets 
that slide up and down on the 
columns and can be secured at 
the proper elevation by set 
screws. The floor beams fit into 
sockets in the brackets and they 
also are secured by set screws. 
Column brackets are of four 
kinds: two-socket 180° and 90° 
arrangements, and three- and 
four-socket arrangements. There 
is also a one-socket floor-beam 
bracket which enables a cross 
beam to be supported by a main 
beam. All the brackets can be 
tightened or loosened with the 
same hexagon wrench, the only 
tool needed in setting up or 
making changes in column spac- 
ing, floor elevation or floor beam 
location. 

Floor beams are of white pine, 
sprayed with aluminum paint. 
This gives the entire structural 
frame an unobtrusive neutral 
color which photographs well 
and does not detract from the 
equipment shown. Long beam 
strips are easily cut to any 
length desired for a needed span. 

Certain types of standard ma- 
chines and equipment are bought 
from model supply houses, in- 
cluding pumps, motors, stairs, 
ladders and gratings. Special 
equipment can be made by a 
model maker or by a pattern 
shop or machine shop. However, 
we have found that we can make 
our own conveniently. 
Equipment models are then 
painted according to type, so as 
to stand out when mounted in 
the aluminum framing. 


332 


Equipment-supporting lugs are 
bent from aluminum strips and 
clamped to the sides of the 
equipment with small rubber 
bands. The lugs can be moved 
up and down to determine proper 
elevation. They support equip- 
ment firmly, yet permit ready 
changes. 

Piping can be shown effec- 
tively with brass wire, 
true outside diameter being 
shown by short lengths of tub- 
ing threaded at intervals on to 
the wire. Valves are mounting 
directly on the wire and pipe 
joints are formed by soldering 
the pieces together. Piping in- 
terferences often show up in the 
piped model, requiring relocation 
of equipment. The most eco- 
nomical piping arrangements are 
readily worked out using this 
easily malleable wire. 

As a result of this develop- 
ment, we feel that our engineer- 
ing personnel now have a tool 


which enables them to arrive at 
the best possible layouts in the 
shortest possible time. Further- 
more, the design engineer can 
assemble models and make 
changes, even though he is not 
a trained model maker. Our en- 
gineers find the preliminary lay- 
out model, or plant mockup, as 
valuable in designing an efficient 
physical facility as is the pilot 
plant in designing an efficient 
chemical process. 

Furthermore, we find the in- 
itial cost of setting up such a 
system to be quite modest. In 
fact, it can be justified when the 
first model is assembled. Since 
the various items can be used 
over and over again, indefinitely, 
cost per model becomes very 
small. And with experience, we 
continue to improve and sim- 
plify the components of the 
system. As other organizations 
undertake to “roll their own” it 
is sure they will do likewise. 


Feed 
Amine cooler 


aft Hay-packed cartridge 


NA 


To amine pump 


“Hay Filters’? Clean Up a 
Difficult Problem 


Thomas Garcia B. and 
Ismael Rodriguez L. 


Respectively, Research Chemist 
Monsanto Chemical Co., 

Texas City, Tex., and 

Chief Operating Engineer, 
Petroleos, Mexicanos, 

Reynosa, Tamps., Mexico. 

When they were first installed, 
precoated pressure filters were 
used in two new Girbotol plants 
put on stream by Petroleos 
Mexicanos, at Poza Rica, Ver., 


Mexico, in 1950. These were in- 
tended to remove insoluble solids 
produced by the decomposition 
of the monoethanolamine, and by 
action of the H.S, CO. and water 
on the system. The solids con- 
sisted mainly of iron sulfide and 
their quantity was enough to 
make the precoat filters uneco- 
nomical. 

One of our associates had pre- 
viously seen an unusual type of 
pressure filter packed with hay 
in use in the United States. We 
designed such a filter, consisting 
of a perforated inner cartridge 
packed with hay and sealed con- 
centrically within an outer cyl- 
inder into which the dirty solu- 
tion from the reactivators was 
introduced under a pressure of 
23 kg./cm.’ 

The solids content of 30-45 
ppm. of suspended matter was 
reduced by passage through the 
hay packing to about 5 ppm. 
When solids had accumulated to 
the extent that outlet pressure 
of the filter had dropped to 1 kg./ 
em.’ we isolated the filter and 
opened the bypass, removing the 
filter cartridge for immediate 
replacement with a second car- 
tridge containing new hay. The 
first was then cleaned and filled 
with new hay, for later use. 
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Misericordia Hospital. 


iew Misericordia Hospital will 


THREE 


BY INSTALLING 


Lowering one of the 43,500 Ib 
FW Packaged Steam Generators 
into the basement of the 


ee for completion early in 1958, the $8,000,- 
000, 210-bed Misericordia Hospital, Bronx, N.Y., will 
be fully equipped with the finest and most modern 
facilities obtainable. 

All steam requirements will be supplied by three 
fully-automatic Foster Wheeler Packaged Steam Gen- 
erators, each rated 17,500 lb/hr at an operating pres- 
sure of 125 psi. Each two-pass steam generator contains 
1857 sq ft of heating surface and generous furnace 
volume. Staggered tube arrangement permits a high 
heat transfer rate and low exit gas temperatures. These 
FW Packaged units also offer the following cost-saving 
advantages: 


* 


SAVE TIME — because they. were completely shop 
fabricated and delivered by truck direct to the build- 
ing site, all ready to set in place and connect to 
power, fuel and steam lines, 


* SAVE SPACE — because of exceptionally low ratio 
of ynit size to quantity of steam produced. Measur- 
ing only 12'11%2" high, 10'11%2”" wide and 1612’ 
long, these 17,500 Ib/hr units are installed on small, 
low-cost foundations. 


* SAVE MAINTENANCE — because they are specially 
designed for easy servicing and inspection. Consist- 
ing almost entirely of water heating and steam 
producing pressure parts, there is a minimum of re- 
fractory and tile maintenance. 


FW Packaged Steam Generators are available in ca- 
pacities from 10,000 to 60,000 Ib/hr and pressures to 
1300 psi. For complete information, send for Bulletin 
No. PG-55-3. Foster Wheeler Corporation, 165 Broad- 
way, New York 6, N.Y. 
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Diffusion in Binary Gaseous Systems 


This chart needs only the molecular weights and 
volumes to give gaseous diffusion coefficients. 


L. K. Doraiswamy 


Chemical Engineering Dept., National Chemical Lab., Poona, India. 


Spangenberg* developed a nom- 
ograph for solving the cumber- 
some Gilliland equation? which 
estimates diffusion coefficients 
for binary gaseous. systems. 
Spangenberg tabulated values of 
a/b for various gaseous sys- 
tems, thus limiting easy use of 
the chart to the systems tabu- 
lated. In the equation: 

D=B (T!2/x) (a/b) 
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a = (1/M, + 1/M;)* and b = 
+ V,"*)*%, Often it is nec- 
essary to evaluate D for other 
gas combinations and it is in- 
convenient to calculate the a/b 
ratio. For example, we may need 
to calculate the effective diffu- 
sion coefficient of a gas in a 
system of components by 
evaluating the diffusivities of 
all the binary combinations of 


that gas with the remaining 
(nm — 1) components.* 

To simplify the problem the 
accompanying chart has _ been 
designed to apply to any binary 
gas system. The terms a and b 
are separately evaluated on the 
chart, whereupon the nomo- 
graphic solution of the remain- 
der of the equation is easy. 

Two identical M-scales are 
provided for determining a, 
either being used for M, or Mz. 
Similarly, two identical V- 
scales solve for b. The auxiliary 
lines C and L and their tie lines 
solve for a, while the auxiliary 
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Carlson’s stock of Types 405, 410 and 430 chromium 
stainless plate is the largest ever. You can order plates, 
large or small, and get delivery in a few days. Types 
405 and 410 find wide application in petroleum process- 
ing. Type 430 is generally used for furnace parts, 
annealing boxes and nitric acid storage tanks. Consider 
the 400 series if you need stainless plates right now. 


Prompt delivery isn’t your only advantage. These grades 


Available from 


... any size and shape you want | 
in Types 405, 410 and 430 stainless plate 


cost less than chromium-nickel stainless steels and if you 
need irregular shapes and sizes, experienced men with 
specially designed equipment can cut your plates and 
get them out in a hurry. Carlson provides a complete 
service with a flexible operation to take care of your 
specific requirements. This combination of stock, special- 
ization and service saves you time and money, gives you 
what you want when you want it! 


Stainkeus Steel Excbusively 


THORNDALE~- PENNSYLVANIA 


District Sales Offices in Principal Cities 


PLATES * PLATE PRODUCTS * FORGINGS * BARS * SHEETS (No. 1 Finish) 
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Nomenclature 


D Diffusion coefficient; B will 
be 0.0043 if D is in cm.2/sec.; 
it will be 0.0166 if D is in 
ft.?/hr. 

B Gilliland constant. 

Mz Molecular weights of com- 
ponent gases. 

T Temperature, °K. 

Vi,Vz Molecular volumes of the 
component gases at their 
normal boiling points, cm.*/ 
g.-mole. 

Pressure, atm. 


lines R and S and their tie lines 
solve for b. Both appear on the 
nomograph as their respective 
logs. It will be noted that refer- 
ence line a coincides with the 


D-seale while the 7z-scale coin- 
cides with one V-scale. 
Example—Determine the dif- 
fusion coefficient for the system 
nitrogen-sulfur dioxide at 400 C. 
and 1 atm. The _ molecular 
weights are: N, = 28 and SO. 
= 64. The molecular volumes 
are: N, = 81.2 and SO, = 448. 
Solution—Connect M, = 28 
on either M-scale with M,; = 
64 on the other (points a and 
b), marking point c. Follow the 
tie line to point d. Similarly, 
connect V, = 31.2 on one V- 
scale with V; = 44.8 on the 
other (points e and f), marking 
point g and moving along the 
tie line to point h. Join points 
d and h, marking point 7 on 


reference line a. Connect T = 
400 C. (point 7) with point i, 
locating point m on reference 
line 8. Connect z = 1 (point k) 
with point m and read D = 
0.383 cm.’/sec. at point l. The 
calculated valve is D = 0.383 
cm.?/sec. 

This nomograph applies to 
any binary gaseous system, ex- 
cept for the few gases of M.W. 
< 10. The error resulting from 
use of the nomograph will be 
less than 5%. 


REFERENCES 


Fairbanks, D. F., R. Wilke, 
Ind Eng. Chem., 42, (19505. 
Gilliland, E. R. Ind. Eng. Chem., 
26° “681 (1934). 
3, Spangenberg, C. D., Jr., Chem. 
Eng., 58, 170, Sept. 1951. 
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Quick Approximation for 
Exchanger Diameter 


P. V. Folchi 
The Chemical & Industrial Corp. 
Cincinnati, Ohio. 

It is often necessary to find 
the approximate diameter of a 
heat exchanger for layout or 


estimation purposes. The method 
shown in the sketch is approxi- 
mate, but accurate enough for 
preliminary use. 

Assume 60° triangular pitch. 
The total area for two tubes 
(shaded areas in the sketch) is 
very nearly that enclosed in the 
rectangle, or P x 2 cos 30° P 
= 2 x 0.866 P’; and the area 
for one tube is 0.866 P’, or half 
that amount. 

Hence, if we have 100 tubes 
of 2 in. O. D. on 1 in. triangular 
pitch, area = 0.866 x 1° x 100 
= 86.5 sq. in. The diameter of 
the bundle = (4 X 86.5/7)* = 
10.5 in. Allow 4 in. between the 
outside of the tubes and the shell 
or 10.5 + 1 = 113 in. Call the 
shell diameter 12 in. 


NEXT MONTH: Design Accuracy Into Your Decanter 
By Chesman A. Lee, Winner of the April Contest 


% How Readers Can Win 


$50 Prize for a Good Idea—Until 
further notice the Editors of Chem- 
ical Engineering will award $50 
cash each month to the author of 
the best short article received that 


month and accepted for the Plant 


Notebook. 

Each month’s winner will be an- 
nounced in the issue of the second 
following month, and published the 
third following month. 
$100 Annual Prize—At the end of 
each year the monthly winners will 
be rejudged and the year’s best 
winner awarded an additional $100. 


336 


How to Enter Contest—Any reader 
(except McGraw-Hill employees) 
may submit as many contest entries 
as he wishes. Acceptable material 
must be previously unpublished and 
should be short, preferably not over 
500 words, but illustrated if pos- 
sible. Acceptable non-winning ar- 
ticles will be published at space 
rates ($10 min.). 

Articles may deal with plant or 
production “kinks”, or novel means 
of presenting useful data, of inter- 
est to chemical engineers. Address 
Plant Notebook Editor, Chemical 
Engineering, 330 West 42nd St., 
New York 36, N. Y. 


Glass_- --~ Liquid 
bottle level 
Copper ~~ 
tube A : bubbles 
Copper 
tube B 


Open to atm. 


Rubber 


connection ~~Capillary tube 


Use Any Container for a 
Constant-Head Feeder 


K. J. Johnson 
Chemical Engineer, 
Bahrain, Persian Gulf. 

For still another version of an 
old constant-head feeder idea, 
note the sketch above. Air en- 
tering the vessel through cop- 
per tube A creates a pressure at 
x which is always atmospheric, 
provided the level of liquid does 
not fall below x. Therefore the 
head on the capillary discharge 
tube will remain constant at h, 
and the discharge rate will re- 
main constant. Discharge rate 
can be adjusted by changing 
capillary jets or head h. 

Air tube A has two bends, the 
upper one being a seal to pre- 
vent water from flowing from 
this tube. The lower bend in- 
sures free discharge of the air 
bubbles as liquid leaves the 
feeder. Tube B also has a bend, 
to prevent sediment from being 
drawn into the capillary jet. 
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resistant 


heat 
exchangers 


Read about Swenson Acid-Resistant Heat Exchangers 
that are custom designed for your liquor heating appli- 
cation. Get a copy of Swenson’s new folder and see the 
many alternate Swenson designs available in various 
corrosion resistant materials. See the outstanding 
design features, performance charts and typical cross 
section drawings contained in this fact-filled booklet. 
Write today for your copy ... ask for Bulletin SW-200. 


SWENSON EVAPORATOR COMPANY 
15669 Lathrop Avenue, Harvey, Illinois 


Proved, Engineering for the Process Industnies 


Since 1889 
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“Expansion and contraction strains are 
eliminated in Swenson Acid-Resistant 
Heat Exchangers by mounting tubes in 
the tubesheets with patented neoprene 
gaskets. These are compressed as they 
are driven-into place, giving a tight but 
flexible seal. 
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CE Flow File—VI 


i 


Flow: Heat Exchangers, Pipes 


Maxey Brooke, Chemical Engineer, Old Ocean, Tex. 


20. Liquids 


APPLICATION 
Flow of liquids through the shell side of heat exchangers 
FORMULAS 
Parallel with tubes: P, = 3.76G;?/105S 
Across tubes, streamline flow: P, = “j0S(P’ — D) 


492 N 
(P’ — D)°# 


Across tubes, turbulent flow: P. = 


NOMENCLATURE 


P, = Pressure drop comin baffle opening, psi. 

P. = Crossflow pressure drop, psi. 

G» = Mass velocity through baffle opening bas2d on the 
en a“ opening less the tubes passing through it, 

./sq.ft., sec. 

G. = Maximum crossflow mass velocity, lb./sq.ft.,sec. 

S = a ed gravity (water at 60F = 1.0). 

N = Total number of tube-rows crossed. 

= Viscosity, centipoises. 

P’ = Tube oy in. 

D_ = Outside tube diameter, in. 


21. Liquids _ 


APPLICATION 
Flow of liquids through heat exchanger tubes 


NOMENCLATURE 


P= Pressure drop, 
w = Flow per tube, lb./hr. 

= Viscosity, centipoises 

= Length of tubes, ft. 

= Specific gravity (water at = 1.0). 
Nre= Reynolds aber. 


REFERENCE 
D. A. Donohue, Pet. Refiner, Nov. 1955, pp. 175-184. 


22. Liquids 


APPLICATION 


Pressure drop due to sudden enlargement of pipe cross 
section 


FORMULA 
_ 1.) 
D? ~ De 


REFERENCE 
Schutt, Trans. ASME, Hydraulics, 61, p. 83, (1929) 


Correction—8. Water 


(For author biography see Chem. Eng., Jan. 1957, p. 298) 


'G 
Baffle 


Idealized flow poth 


NOTES 


‘FORMULAS 


To correct for the viscosity gradient in non-isothermal 
flow, divide P by 1.10(u/yw)®* in the streamline region 
and 1.02(u/uw)* in the turbulent region. Here yu is 
viscosity at the average fluid temperature and pw is viscos- 
ity at wall temperature. 


Use table to find Reynolds number at transition from 
streamline to turbulent flow. 


Nre 
1.20 210 
1.25 175 
1.30 125 
1.40 100 
1.50 80 
1.75 55 
2.00 42 


REFERENCE 


D. A. Donohue, Pet. Refiner, Nov. 1955, pp. 175-184. 


Streamline flow, Nr. less than 2,100 
P = 6.55w ul/10'DS 


Turbulent flow, Nr. between 5,000 and 107 
P = 8.57w 


NOTES 


Add 6D to the tube length for each pass to take care of 
enlargement and contraction loss. 

To correct for the viscosity gradient in non-isothermal 
flow, divide P by 1.1 (u/yw)® in the streamline region 
and by 1.02 (u/yw)°- in the turbulent region. Here yz 
is viscosity at average liquid temperature and pw is 
viscosity at wall temperature. 


NOMENCLATURE 


P = Pressure drop, psi 


S = Specific gravity of liquid (water = 1.0). 
Ve= Flow, gpm 


D, = Diameter of upstream section, in. 
D, = Diameter of downstream section, in. 


NOTE 


For discharge into a large tank, consider 1/D, as equal 
to zero. 


Add to NOMENCLATURE: H=Pressure at gage, ft. of water (Chem. Eng., Mar. 1957, p. 294) 
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AIR AND GAS COMPRESSORS~ * VACUUM PUMPS 
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FOUR-CORNER 
COMPRESSORS 


maximum availability 
minimum attention 

greatest accessibility 

readily adapted to multi-staging 


Chicago Pneumatic duplex, 
four-corner Class H Compres- 
sors afford optimum flexibility 
in arranging cylinders for one 
to six stages of compression, 
with correct distribution of load. 
These Class H Compressors, with 
motor or steam drive, are built 
in sizes to 2,000 horsepower for 
vacuum service or pressures to 
15,000 psig. Other types avail- Class H, three-stage compressor installed in a 
able up to 5,000 horsepower. {chemical plant. 


A pair of Class H, two-stage compressors 
supplies air in a West Coast installation. 


Five-stage, four-corner 3,000 psig compressor 
in Japan — the first of three. 


e PNEUMATIC TOOLS e¢ ELECTRIC TOOLS ¢ DIESEL ENGINES ¢ ROCK DRILLS ¢* HYDRAULIC TOOLS 
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New Punched Card System Will Help You . . . 


Organize Corrosion Data 


Designed for everyday use, here is how American 
Potash and Chemical’s new, simple, fast and accurate 
punch card system eliminates frustrating file searching. 


G. T. Garrett and O. Osmon, Jr. 


American Potash and Chemical Corp., Trona, Calif.* 


Filing corrosion data is a diffi- 
cult job. Data can be classed 
under solution or environment 
tested, under the material 
tested, by the author, date, or 
section of the plant concerned. 
Or under any of a number of 
equally good headings. 

Everyone has had the experi- 
ence of attempting to look up 
specific data and, unless a very 
large cross file is maintained, 
checking every category but the 
correct one. Or equally frus- 
trating, is to come upon so many 
items filed in one broad subdivi- 
sion that data is overlooked or 
finding it is an onerous task. 


*Meet your authors on page 369. 


A very simple answer to this 
dilemma is to record the data 
on punched cards, and code as 
many different indexes on the 
holes as required. This is the 
solution practiced by the NACE,’ 
who sell ready-punched corro- 
sion data files abstracted from 
literature, and by the Interna- 
tional Nickel Company’ for their 
extensive corrosion files. Very 
exhaustive filing systems have 
been developed by both these 
organizations to serve a most 
useful function. However, the 
tremendous size and complex- 
ity of their files tend to make 
them unsuited for the every day 
use of most companies. 


The corrosion section of the 
American Potash & Chemical 
Corp. at Trona recently faced 
the problem of an overgrown 
file. We decided to convert to a 
punched card system, and de- 
velop an individual, simplified 
indexing code. 

Reasons for this choice, and 
the system developed, make an 
interesting account of the appli- 
cation of punched cards. 


Need for Punched Cards 


‘The corrosion section at Trona 
has been in existence as a group 
for more than eight years. It 
has run thousands of corrosion 
tests, both in the laboratory and 
the plant. 

Tests run under actual condi- 
tions, or simulating specific en- 
vironments, are much more use- 
ful than literature references. 
Therefore, a careful record was 
kept of these tests on 3 in. x 5 
in. cards. They were filed under 
the section of the plant con- 
cerned. Or, if not pertinent to 
any one plant area, under one 
of a few general categories. 

This system worked well until 
the collection became so large 
that finding data was next to im- 
possible for anyone but the cor- 
rosion engineer. In view of the 
success experienced by the 
NACE and various research 
groups’ with punched cards, it 
was a natural decision to convert 
the old system. 


How System Works 


A punched card is merely a 
file card, upon which informa- 
tion can be recorded and then 
coded, by “punching out” a 
series of numbered holes found 
grouped on the card. 

The simple hand-sorted sys- 
tem employs rows of _ holes 
around the edges of the card 
which can be punched to give an 
open edge in the desired posi- 
tions. Then, as the photographs 
illustrate, in searching for in- 
formation, needles can be used 
to remove the unwanted (un- 
punched) cards, leaving only the 
pertinent ones. 

Code systems can be as simple 
or as involved as desired, with 
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Built for clean, quick cake recovery where 
(1) local ordinances prohibit discharge of the 
waste cake into the sewage system, and (2) where 
further processing of the filter cake is required. 
Enzinger craftsmen-built filters provide maximum 
filtration efficiency and complete ease of operation. 


THE DURIRON COMPANY, INC. 
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Angola, N.Y. a 


Enzinger filters are built with either conven- 
tional hand wheel or quick-opening top and bot- 
tom closures. Air or gas inlet speeds up drying. 
The cake can be dumped into a hopper or con- 
veyor without removing the leaves from the filter. 

For the maximum in filtration, call or write. 


Branch Offices: Atlanta, 
Baltimore, Boston, Buffalo, Chicago, 
Cleveland, Dayton, Detroit, Houston, Knoxville, 
Los Angeles, New York, Philadelphia, Pittsburgh. 
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CORROSION FORUM... 


MATERIAL TESTED 
CORROSION DATA 
process unrr Berke seid Plant 
( Location oF rest Lab ounation or rest9h 
| Soxrosion Book ¥ 
PLANT 
CONCERNED) 
had 
Cds 
er 5.0 128 had a 
; and showed 
CORROSION ENVIRONMENT 
Code for Punched Cards 6. Inconel, Monel, etc. 5. Carbonated brine 
7. Mild steel 6. Neutral brine 
A. Plant Area 8. Nickel 7. Alkaline brine 
9. 304 stainless 8. LiOH, Li,CO, 
1. Aghi (agricultural potash) 10. 316 stainless 9. Other lithium compounds 
2. Borax — 11. 400 series stainless 10. Bromine 
3. Boric acid 12. All other stainless, incl. 310 11. Bromine compounds 
4. Carbonation stainless 12. Borax 
5. Chemhi (chemical potash) 13. Titanium, tantalum, zirconium 13. Boron compounds 
6. Bromine 14. Heavy metals (lead, silver) 14. Organo-borons 
7. Lithium carbonate 15. Low alloys 15. HF and fluorine compounds 
8. Phosphoric acid 16. Other high alloys 16. Caustic and ammonia 
9. Concentration 17. Plated and coated metals 17. HCl 
10. Pyrobor, V-bor (anhydrous, 18. Acid brick 18. NaCl 
pentahydrate borax) 19. Portland cement 19. KCI 
11. Soda products 20. Glass and ceramics 20. H,SO, 
12. Sulfate of potash 21. Fabrics 21. Na,SO, 
13. Whittier laboratory 22. Fiberglass 22. K,SO, 
14. Los Angeles plant 23. Phenolics 23. Na,CO, 
15. Experimental 24. Rubber and neoprene 24. H,PO, 
16. Henderson plant 25. Other plastics 25. Gases 
17. San Antonio plant 26. Wood 26. Steam 
7. i 
B. Materials 27. Karbate 27. Organics 
1. Aluminum C. Corrosion Media D. Conditions 


2. Copper and copper alloys 
3. Carpenter 20 

4. Cast materials 

5. Hastelloys 


the limitation that beyond a cer- 
tain point the number of needle 
separations increase in propor- 
tion to the complexity. 

Coding systems and _ tech- 
niques are numerous, and have 
been amply described by several 
books on the subject. 

Simplest method is to let each 
hole represent a specific sub- 
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1. Fresh water 

2. Valley well water 
3. Cooling tower water 
4. Lake brine 


ject. For example, if there are 
29 holes along the top of the 
card, they could represent 29 dif- 
ferent metals, one for each hole. 
A similar coding could be made 
along the sides and the bottom. 
This method has the advantage 
of very easy sorting, but of 
course, it limits the number of 
items that can be coded. 


1. Partial immersion 

2. Vapor or intermittent wetting 
4. Dry exposure 

7. Inhibitor 


Next in complexity, four holes 
can be numbered in a group or 
field, such as 7, 4, 2, and 1. Then, 
by punching various combina- 
tions of these numbers, their 
punched sum add up to any num- 
ber between 1 and 14. Punching 
2 and 4 represent 6; 1, 2, and 7 
represent 10; and so on. In this 
manner the number of items 
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Crucial production steps 
performed in today’s uranium 
processing plants call for 
rugged, highly-efficient pumps. 


WILFLEY ACID PUMPS receiving vanadium and uranium leach Many of these plants use 
liquors from leach tanks and pumping them to various treat- Wilfley Model “K 

ment tanks. Sand Pumps and Wilfley 
WILFLEY SAND PUMPS receiving the classifier overflow and Model “AF” Acid Pumps... 
pumping the material to the sand slime separation circuit. companions in economical, 


trouble-free operation. 


Individual Engineering on Every Application. 
Write, wire or phone for complete details. 


ACID p 
Up, 


“COMPANIONS IN ECONOMICAL OPERATION" 
ty 
“EY sanp 
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CORROSION FORUM... 


FANNING CARDS by pulling needle back perpendicular to card axis. 


coded can be almost limitless 
by using as many such fields as 
required, singly or in groups. 

Two fields allow numbers up to 
100, three fields numbers 
through 1,000, and so on. Of 
course, the more plentiful the 
grouping of holes in fields, the 
more needle work required in 
sorting, for several insertions 
are necessary to obtain a single 
number. 

Often a combination of a few 
grouped categories and as many 
single-subject holes as possible 
will give the best system. Also, 
double rows of holes can be used 
to give added coding possibili- 
ties. Obviously many other cod- 
ing systems are possible,”* and 
there are often reasons, of 
course, for establishing a com- 
plex system. However, for the 
purposes of this article, it is not 
necessary to consider these de- 
tails. 


Selecting Most Useful System 


The selection of the indexing 
system is the most important 
and difficult part of establishing 
a punched card file. It is true 
that there are generally enough 
holes so that a system can be 
modified long after it has been 
established. But it is best to 
establish something close to the 
final form at the start. 

The first problem is to decide 
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one? 


what size cards to use. They are 
available in many sizes, and in- 
clude cards with pockets and 
those designed for the attach- 
ment of previously recorded 
data. Naturally, the larger the 
size, the more holes there are 
eround the border, allowing a 
more extensive direct code. But 
this is usually a secondary con- 
sideration. 

Generally the smallest size 
that can comfortably hold all of 
the data is the best; for AP&- 
CC’s case, 5 in. x 8 in. cards. 
Sufficient data can be typed on 
such a card, and it is large 
enough to hold a small graph 
(generally all that is justified 
within the accuracy of corro- 
sion data). 

Next, the form of the card has 
to be considered. If pre-printed 
cards are to be used, the coding 
system needs to conform to the 
system or numbers existing on 
the card. If a blank card is be 
printed to order, more freedom 
with the code is permissible, and 
card space would be better uti- 
lized. The latter procedure was 
deemed superior by the Ameri- 
can Potash corrosion group, 
since the additional cost was 
slight. 

In establishing the code, a 
primary object was simplicity. 
This insures an absolute mini- 
mum of needle sorting to find the 


desired information. But it is a 
compromise with completeness 
and results in a few extraneous 
cards collected during a search. 
These have to be manually 
sorted out. However, with a 
comparatively small file, this was 
still the most rapid and efficient 
approach. 

It was also decided that the 
code must be clear enough so 
people not familiar with it, or 
even with corrosion, could find 
information easily. With these 
generalities established, the de- 
tails of the code were worked 
out. 

Usually, the most important 
heading would be that of the 
plant to which the data pertains. 
Column A of the table lists these 
for American Potash & Chemi- 
cal Corp. Most of the plants 
are for the Trona location, since 
that is where most of the data 
has been taken. But entries are 
also shown for the three other 
plant locations of the company 
and one other laboratory. This 
number can be expanded as the 
occasion arises. For now, how- 
ever, it conveniently fits on the 
left side of the card in consecu- 
tive numbers from 1 to 17. 

The next most valuable index 
was deemed to be that of ma- 
terial tested. 

A staggering number of ma- 
terials could be listed, of course. 
But ordinarily the same, rather 
limited group are considered and 
used over and over, while others 
are encountered only occasion- 
ally. This allows a simplified ar- 
rangement, for many of the less 
common materials can be in- 
dexed under the same number. 

Column B shows the materials 
listed at American Potash, and 
indicates that they are coded 
into consecutive numbers on the 
inside row of the top edge. Later 
expansion can be effected by 
completing the row and utilizing 
the upper row of holes. 

The next grouping, that of the 
corrosion environment, is per- 
haps the most difficult to keep 
uncomplicated. 

Since the number of specific 
environments is almost without 
end, it was decided, for the sake 
of simplicity, to generalize, even 
if the result was an occasional 
overly-broad division. To this 
end, the chemicals most fre- 
quently encountered were listed, 
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possible with 

platinum metals 

catalysts...may 
_be quite surprising 


to you... 


BAKER 


& COMPANY, 


CATALYSTS 


BAKER & CO., INC. 


113 ASTOR STREET, NEWARK 5, NEW JERSEY 


NEW YORK © SAN FRANCISCO ¢ LOS ANGELES © CHICAGO 


(2ENGELHARD INDUSTRIES } 


SEND FOR BROCHURE 
The Role Of 


As Catalysts 


Platinum Group Metals 


The present industrial use of platinum catalysts 
hints broadly that economies do exist to make 
such wide use practical. The extent of savings 
is not so apparent. 

There are many contributing factors: First, 
the virtual indestructibility of platinum permits 
a continuing cycle of recovery and re-use. The 
value of platinum remains—a readily market- 
able asset. Second, the superior catalytic activ- 
ity, high yield, purity of end product, accurate 
production control—all contribute to cost reduc- 
tion. 

Beyond that, such features as regeneration 
in situ, elimination of large capital investment 
for high pressure, high temperature equipment 
are further possibilities that may apply. 

A Baker representative will be glad to confer 
with you—in strict confidence, of course. * * 
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CORROSION FORUM... 


as were the waters and the gen- 
eral types of brine. 

Multiple punches would often 
be expected in this grouping. 
For instance, to indicate a neu- 
tral brine (punch neutral brine) 
which is predominantly sodium 
sulfate (punch Na.SO,) and 
sodium chloride (punch NaCl). 

If there were no predominate 
salts present in a brine (such as 
an end liquor with many com- 
ponents) only the “alkaline 
brine” would be punched, along 
with the plant the brine occurs 
in, such as “Soda products.” 
Either of these two examples 
would result in a large number 
of cards if only the plant and 
environment indexes were used 
in a search. But all of the cards 
should contain data somewhat 
pertinent to the question, and 
hand sorting would eliminate the 
extraneous information quickly. 

To list more specific environ- 
ments would require many more 
numbers, and the sorting would 
probably be even more time con- 
suming if the 7, 4, 2, 1 fields 
had to be employed. As the sys- 
tem illustrated here is set up 
(Column C, table), the first 28 
numbers of the inside row of 
the bottom of the card are used, 
leaving the outside row for fu- 
ture expansion. 

To complete the file, the first 
three 7, 4, 2, 1 fields on the 
right-hand side are used for the 
date. The first is the month, and 
the second two the year. The 
lower 7, 4, 2, 1 field (Column D, 
table) is used to augment the 
description of the environment; 
7 to indicate whether an inhibi- 
tor had been used, 4 for a dry 
exposure, 2 for vapor or inter- 
mittent wetting, and 1 for a par- 
tial immersion. If holes 4, 2, 
and 1 are left unpunched, total 
immersion is implied. 


Results of the System 


The new file has been in use 
for about 10 months, and has 
thus far been highly successful. 
Data is easy enough to find so 
that it is now checked before 
specifications are made or new 
experiments run. This was not 
always the case previously. 

It has also become valuable to 
the engineers for their own di- 
rect use. Formerly the corrosion 
engineer was the only one who 
could successfully locate infor- 
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mation. It takes no more time to 
fill out these cards than it did 
the old ones, and it has been 
noted that their greater useful- 
ness is an incentive for more 
consistent recording of corrosion 
data. 

All in all, punched cards have 
transformed a crippled file into 
a serviceable one. The number 
of frustrated corrosion file 
searches has been greatly re- 
duced. 
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New Data on Plastic 
Pipe Reported 


The plastic pipe and fittings 
industry has been fortunate in 
having the steel industry enter 
into the production of plastic 
products. Steel companies have 
brought with them extensive re- 
search facilities, and experience. 

Long term physical data, gath- 
ered by one company, covering 
15,000 hrs. of continuous testing 
at temperatures up to 150 F., dis- 
close the following as reported 
at the 13th Annual Conference 
of the National Association 
of Corrosion Engineers in St. 
Louis: 

e Normal impact PVC* pipe 
withstands from 10-30 times 
greater creep than high impact 
PVC pipe, before rupture, when 
subjected to identical pressure 
and temperature conditions. 

e Failures of high impact 
PVC pipe under hydrostatic 
pressure tests are generally 
along weak “knit” lines. These 
lines are produced during flow 
of the plastic around the man- 


* Also referred to as Type I PVC. 
This is substantially pure PVC resin 
containing a minimum amount of sta- 
bilizer. High impact PVC, or Type II 
contains modifying resins, fillers, “ 
small amounts of plasticizer. Type I 
has a _ higher impact strength, 
otherwise lower physical and mechani- 
cal properties than Type I or normal 
impact PVC. 


drel in extrusion. Normal im- 
pact pipe does not present this 
difficulty. 

e Cemented socket-type fit- 
tings are stronger and less sus- 
ceptible to failure than threaded 
fittings. This is true under high 
stress, excessive vibration, ab- 
normal flexure, and elevated in- 
ternal pressures. Threaded pipe 
fittings introduce notch sensi- 
tivity. 

e Hot gas welding of plas- 
tics differs from metals in that 
complete fusion is not obtained. 
Plastic welding involves the 
same type of weld joint prepara- 
tion, as metal welding. And the 
filler rod is composed of material 
identical to the parent sheet or 
stock to be welded. Filler rod 
and surfaces are heated with a 
direct blast of hot air which 
only melts the surfaces to be 
bonded. The weld bead is put 
down with hand pressure and 
allowed to cool. 

Unplasticized polyvinyl 
chloride parts can be joined with 
cements. About 10 to 15 parts of 
PVC is dissolved in solvent—cy- 
clohexanone or tetrahydrofuran. 
This cement is worked into the 
interfaces of the pieces to be 
joined. When both surfaces are 
tacky, the two pieces are clamped 
together until the solvent has 
evaporated or migrated. 


New Ductile Iron 
Announced 


A variation of the recently 
developed family of ductile cast 
irons is now in production at 
American Meter Co.’s Reliance 
foundry in Alhambra, Calif. It’s 
claimed to have iron’s low melt- 
ing point, good fluidity, castabil- 
ity and machinability, and steel’s 
high strength, toughness, ductil- 
ity and wear resistance. It can 
be used in the production of 
intricately shaped castings, and 
for castings subjected to severe 
service conditions, such as bend- 
ing and twisting. 

Called Relianite, it comes in 
four grades: R1 offers tough- 
ness, shock resistance and max- 
imum machinability; R2 for 
heavy-duty machine parts; R3 
for wear resistance; and R4 for 
high temperature applications 
up to 1,600 F. 
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Just how valuable are 359 
Ever tried to figure out how indispensable you are to your 

employer? Rate yourself against these predictions about 

the quantity and quality of your future job competition. 


New polymer chemistry text: fundamentals with factual 
details . . . a volume on trends in engineering . . . a book 
which brings you the latest on engineering enrollments. 


Wyandotte Chemicals’ Gerlach & Chien . . . Consultant Neu- 
wirth ... Brooklyn Poly’s Professor Naphtali . . . Garrett & 
Osmon of American Potash . .. Shukis & Green of the Chemi- 


cal Corps. 


Con: patent infringement . . . Better estimating methods . . . 
Pro & Con: soft packings .. . Pro: evaporator control... 
Pro & Con: gas conductivity ... Pro: population boom story. 


Chemico’s C. Andy Harwick is Man of the Month .. . Brog- 
gini is now president of Badger Mfg. Co. . . . Com’! Solvents 
tags McGhee chief engineer . . . Rogers is Gulf Oil’s chief 


chemist. 


Carbide & Carbon will enter the fluorocarbons field ... New 
Toledo, Ohio, refinery is under way for Standard Oil. . . Uni- 

versal Atomics is now Universal Transistor Products Corp. 
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‘announcing the new new TURBO- MIXER 
‘side entering propeller series 


Expertly designed, based on 44 years of specialized ex- from 1 H.P. to 30 H.P. in two series, AD (direct 
perience. The simple, sturdy design of this new series drive) or AV (V-belt). All are available with a special 
of Turbo-Mixers makes servicing easier, reduces main- mechanical seal which can be replaced while the tank 
tenance costs. Models are available in standard sizes __is full. 


TURBO-MIXER 


TURBO-MIXER DIVISION 
GENERAL AMERICAN 
TRANSPORTATION 
CORPORATION 


Sales offices: 380 Madison Avenue, New 
York 17, New York * General offices: 135 S. La Salle Street, 
Chicago 90, Illinois ° Offices in all principal cities 
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FOR DETAILED INFORMATION AND USEFUL DESIGN DATA, SEND 
FOR THE FOLLOWING BULLETINS: 


Please send me the following Turbo-Mixer Bulletin (s): 
—_____Side Entering Propeller Mixer Bulletin 
—____RDC Extraction Column Bulletin 

Minerals Processing Bulletin 
—_____General Turbo-Mixer Bulletin 
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ana Undergraduate degrees in chemical engineering 
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Entering the Profession 
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‘ect 
a Although there are more engineering students immediate availability of your 
services. 
this year, chemical engineering enrollments continue to 
1 d. Tak — fut tit When You’re Not Available 
ose ground. Lake a look at your future competitors. If you were not available—or 
when your desk is piled sky high 
As a working engineer you an expense item while he keeps with projects that you don’t have 
represent a commodity of con- you and your family housed, time to get to—your employer 
ND siderable value to your employer. clothed and fed; and while he would have to look elsewhere for 
He has a sizable investment in keeps a desk in front of you and engineering services. 
the expense of recruiting and a plant or office roof over your And this he does. He goes out 
training you for your present head. into the open marketplace and 
job. This investment may or may But your most positive value tries to secure the services of 
not have been recovered with an to your employer is the avail- other engineers. Of course there 
adequate return. ability of your engineering serv- are many places that ke can do 
On the negative side of the ices when he requires them. In this. Often he turns to the col- 
ledger he must write you off as reality, he pays you for the lege campus and looks at the new 
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YOU & YOUR JOB... 


How Many Engineering Grads Are Ch.E’s ? 


45 pe 


40 


35 


Undergraduates 


¥— Chemical engineers as percent of all engineers 


1922 1926 1930 1934 1938 


Year of degree 


graduates. At Northwestern 
Univ., for example, a total of 
520 companies came to the cam- 
pus last spring with jobs to fill. 

Engineers were in greatest de- 
mand. They will be in greatest 
demand this spring with com- 
panies looking for 35% more 
than they got last year.* Each 
engineer or new graduate who 
offers himself to this market be- 
comes a competitor to you. 

When they are many competi- 
tive sellers of engineering serv- 
ices in the marketplace, your 
value to your employer de- 
creases. That’s why you’ll want 
to take a long hard look at your 
competition from the standpoint 
of both quantity and quality. 


They'll Be Fewer In Number 


We'll tackle the quantity ques- 
tion first, because the figures 
(for new graduates, at least) 
are now readily available. 

With the cooperation of and a 
grant from the Thomas Alva 
Edison Foundation, New York 
University Press has just pub- 
lished a book on the subject of 
engineering enrollment, edited 
by Norman N. Barish.t+ 

Barish, professor and chair- 
man of industrial and manage- 
ment engineering at NYU, sup- 
plies the answers to these 


we Week, Jan. 26, 1957, p. 


t+ Barish, N. N., Editor, 
aero in the United S 

York University Press, York 
(1957), 226 pp., $7.50. 
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important engineering man- 
power problems: 

¢ How rapidly have we been 
training engineers in the past? 
What is the rate of growth of 
engineering enrollments and 
graduations? What kinds of en- 
gineers are we training? 

¢ How has the rapid budding 
of new engineering specialties 
affected the popularity of the 
older branches? Is large-scale 
enrollment in graduate study 
here to stay? 

eWhat’s the attrition rate 
of engineering students? What’s 
the future outlook for enroll- 
ments and successful gradua- 
tions? 


What About Chemical Engineers? 


While many of you are in- 
terested in discussion of these 
engineering manpower problems, 
almost all of you are especially 
interested in specific answers to 
these questions for chemical] en- 
gineers alone. 

Barish, as editor, provides this 
information in a chapter writ- 
ten by Thomas H. Chilton, tech- 
nical director of the engineering 
department at the DuPont Co. 
We quote from Chapter X (see 
also the chart on this page) : 

“The most noteworthy feature 
of the curve of chemical engi- 
neering enrollments—overlook- 
ing the dislocations caused by 
World War II and the postwar 
return of students under the 
G. I. bill—is the shift in the 
percentage of all undergraduate 


chemical engineering  enroll- 
ments from 10% in the 1920’s 
to a continued 15% during the 
1930’s, and since 1945 back to 
just under 10%. Even numer- 
ically, total chemical engineer- 
ing undergraduate enrollment in 
the current year, 1955-56, is 
lower than it was in the last 
prewar year, 1942-48, and the 
same holds for the freshman 
class as well.” 

“Can this falling off in chemi- 
cal engineering enrollments be 
due to any slackening of demand 
or opportunities for chemical 
engineers? The figures cited 
earlier do not support any such 
conclusion. It can only be that in 
the general shortage of engi- 
neers, the newer fields of elec- 
tronics and the manufacture of 
automobiles and appliances have 
greater appeal for the under- 
graduate.” 


Actual Numerical Decrease 


Our yearly output of chemical 
engineering graduates now hov- 
ers around the 2,000 mark, as 
shown by the chart on the pre- 
vious page. Not only are chemi- 
cal engineers losing ground per- 
centagewise in the enrollment 
race, but also the actual num- 
ber of graduates each year 
seems to have trouble just keep- 
ing up to the level of the pre- 
vious year. 

Thus we can see that the sup- 
ply of new chemical engineers 
entering our profession each 
year is almost a fixed number. 
If supply and demand for en- 
gineers followed simple “perfect- 
market” theory, we could make 
a flat prediction that the price 
of engineering will be driven up- 
ward. 

However, managerial econ- 
omists would stop us with words 
such as demand analysis, in- 
elasticity of the market, imper- 
fect market conditions, lack of 
competition, etc. But we can say 
this without fear of contradic- 
tion: 

Demand for chemical engi- 
neering services is increasing at 
a rate that is not satisfied by the 
services that can be supplied by 
only 2,000 new graduates each 
year. Therefore, those now in 
the profession will become more 
and more valuable to their em- 
ployers each year until the sup- 
ply picture changes. 
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PURITY... 
PROTECTION... 
PERMANENCE... 


GET ALL 3 WITH LAPP TUFCLAD,) 
SOLID CHEMICAL PORCELAIN 


ARMORED WITH FIBERGLASS- 


Lapp Chemical Porcelain is the ideal 


material for maintaining strict purity 


REINFORCED PLASTIC control of product because of its many 


Y-Valves as shown, and Angle 
Valves are available in Lapp 
TUFCLAD Chemical Porcelain 
in 14” to 6” sizes. Also safety 


valves, flush valves, plug cocks, CH E NM | AL 
PORCELAIN 


pipe and fittings (to 8” diam.) 
and special shapes. 
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special characteristics. It is chemically 
inert, therefore resistant to corrosion 
from acids of all concentrations (except 
hydrofluoric); it’s hard, dense, pure, ho- 
mogeneous, close-grained, non-porous. 

Now, add the low-cost protection 
offered by TUFCLAD—an armor consist- 
ing of multiple layers of strong fiber- 
glass fabric impregnated and bonded to 
the porcelain with an Epoxy resin of 
high strength and chemical resistance. 
TUFCLAD armor serves as an insulator 
against thermal shock—a cushion to 
accidental impact, and is tough and 
strong enough to hold operating pres- 
sures even if porcelain is fractured. 
This protection to personnel, equip- 
ment and product—the purity of Lapp 
Chemical Porcelain—and low mainte- 
nance costs due to the permanence of a 
Lapp TUFCLAD Chemical Porcelain sys- 


tem merit your investigation. 


WRITE for description and speci- 
fications. Lapp Insulator Co., Inc., 
Process Equipment Division, 381 
Wendell St., Le Roy, New York. 
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YOU & YOUR JOB... 


Next Month: The Fine Art of Changing Jobs 


Until the trend is reversed by 
booming population or a hurried 
swing to recruiting talent into 
our engineering schools, you 
might almost be considered a 
member of a diminishing horde. 


How Good Is Your Competition? 


In chemical engineering—as 
in many other academic dis- 
ciplines—we know that we can’t 
match number for number. One 
warm body is not as good as 
another. There is an element of 
quality that must be considered 
in any accounting. 

How good is your competi- 
tion? 

Pretty good, but not good 
enough, is the opinion of one of 
our largest oil companies. Stand- 
ard Oil Co. (N. J.) reported this 
attitude last fall to a symposium 
on “Does Present Chemical En- 
gineering Education Meet Mod- 
ern Industrial Needs?” Jersey 
Standard reported that their 
young engineers (test sample 
consisted of 125 recent graduates 
and their supervisors) are 
strongest in their knowledge of 
chemical engineering fundamen- 
tals, calculation methods and 
professional ethics. 

They are weakest in communi- 
cation—both oral and written— 
and in engineering judgment. 


How to Meet It 


Armed with this information 
you can now consider what you 
can do to meet this quality of 
competition. 

Several years ago we became 
intrigued with a book by the 
famous humorist Stephen Pot- 
ter. He called it “One-Upman- 
ship.” The book describes the 
fine art of how to get one up on 
the other fellow. 

If we were in a humorous 
mood we might consider some of 
Potter’s suggestions and apply 
them to getting one up on the 
new graduates. But competition 
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Now in preparation is a two-part series of You & Your Job feature 
stories that you may never need, because some of you will never again 
be looking for a job. But for those of you who will actively pursue 
new employment at least once before you retire, these two features 
will be a valuable information package. First, some timely tips on the 
art of changing jobs, written by a chemical engineer who just has. 
Then, look before you leap, what will it cost to change your job? 


can be a serious thing. Let’s re- 
strict ourselves to these few sug- 
gestions: 

¢Consider what you might 
do to brush up on your funda- 
mentals. The technology of a 
given industry can be imparted 
to a man after he goes to work 
in that industry, whereas it is 
seldom that he can compensate 
for deficiencies in fundamentals, 
particularly in keen technical 
competition. 

¢Do you have a professional 
attitude? 

eIn all engineering work, 
communication is an especially 
critical requirement. Can you 
speak and write effectively? Do 
your superiors hate to read your 
technical reports? Do you man- 
age to get across what you really 
mean in what you say and 
write? 

eIt may be argued that en- 
gineering judgment is acquired 
only through years of experi- 
ence. In some matters this is 
true. In others, a man can ex- 
ercise good judgment early in 
—and throughout—his career. 
How do you rate? 


What the Future Holds 


What we suggested 
above will give you some clues 
about what you can do to face 
today’s competition more effec- 
tively. That may be quite an as- 
signment in itself. But there’s 
more to consider than the class 
of June 1957. 

Last September 77,738 stu- 
dents enrolled in freshman en- 
gineering courses. Engineering 
Manpower Commission of EJC 
predicts that 57% of these 
freshmen will get to graduation 
exercises in 1960. 

Although we have no way of 
knowing at this early date, this 
may mean that there will be 
twice as many chemical engi- 
neering graduates in 1960 than 
there were in 1956. In quality 


the 1960 graduate will be even 
better than his 1957 counterpart. 

If suggested changes in chem- 
ical engineering curricula are 
adopted in time, the 1960 B. S. 
may have been exposed to: 

e Courses in statistical the- 
ory and familiarity with elec- 
tronic computer information. 

eIntegration of the teach- 
ing of chemical engineering 
thermodynamics with teaching 
of physical chemistry and of re- 
action kinetics. Emphasis will 
be on teaching of fundamentals 
in a coherent pattern. 

eGeneral reduction in the 
emphasis on qualitative and 
quantitative chemistry courses. 
More time will be available for 
chemical engineering subjects. 

e Engineering drawing, like 
surveying, will begin to vanish 
from the chemical engineering 
curriculum. (In industry the new 
graduate will find draftsmen and 
tracers to do his engineering 
drawing for him.) Again, more 
time will be made available for 
chemical engineering subjects. 

eUse of more _ industrial 
problems as classroom teaching 
aids will prepare the 1960 grad- 
uate for a faster transition from 
the school to the industrial situ- 
ation. 


You and 1960 

All this adds up to the pos- 
sibility that the graduates of the 
future will be better prepared 
to offer your employer engineer- 
ing services that will be worth 
more to him. 

If for no other reason, this 
intensifies the pressure upon you 
to nurture your professional de- 
velopment year by year. Don’t 
let yourself fall by the wayside. 

Do you have a definite pro- 
gram designed to further your 
professional progress? If not, 
it’s never too late to get started. 
Consider the 1960 graduate. 

Will he be one up on you? 


SEMANTIC BARRIERS 
... Can Be Broken 


Today’s manager lives in in- 
creasingly complicated network 
of communication, with lines 
leading up, down and sideways 
from his desk. He has to keep 
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EXPANSION JOINTS 


Expanding the Designer’s Scope 


RUBBER 


U.S. Rubber Expansion Joints are resilient and there- 
fore do not, like metal, set permanently when com- 
pressed. Constant flexing merely keeps them alive... 
prevents brittleness. 


@ They absorb both axial and lateral deflection far more 
than metal joints. Greater insulation against vibration 
and pump noises. No electrolysis, corrosion or erosion. 
e Handle pressures from 40 Ibs. to 125 lbs. 

e The outside diameter of the arch is smaller than on 
metal joints. (Face-to-face dimensions, even with mul- 
tiple arches, are smaller.) 

© Weight is much less. This, plus the fact that no gasket 
is needed between flanges (metal joints require gaskets) 
results in an easier installation lowering the cost. 


“U.S.” was the first to develop expansion joints. They 


The flexible rubber expansion joints on the centrifugal pump 
installations (above) are made by U. S. Rubber. They prevent 
stresses caused by expansion and contraction. 


of equipment in pressure or vacuum pipe systems. Some 
are still in service, after 30 years of operation. Obtain- 
able at any of the 28 “U.S.” District Sales Offices, or 
write us at Rockefeller Center, New York 20, N. Y. 
In Canada, Dominion Rubber Co., Ltd. 


This compressor has U.S. Expansion Joints on the suction and 
discharge lines. Like all U. S. Joints, these insulate against the 
transfer of vibration and noise. 


| 


For the complete technical 
information catalogue on the 
entire line of U.S. Rubber 
Expansion Joints, contact 
your nearest “U.S.” District 


Piping equipped with U.S. Expansion Joint to compensate Sales Office or write us at 
ping equipp i p J 3 Rockefeller Center, New 


for any misalignment caused by load stresses, wearing of parts 
or settling of building. York 20, New York. 


Mechanical Goods Division 


United Stat Rubb 
nite ares KRU er 
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MICROMETER-ADJUSTED 


REMOTE 

BULB 
TEMPERATURE 
CONTROL 


UNITED ELECTRIC's Type D5 Remote Bulb Temperature Control 
is a precision unit containing a micrometer adjustment for obtain- 
ing wide ranges and accurate temperature settings. This control 
has found extensive use in applications such as laboratory and 
industrial ovens, water baths, hot plates, etc. 


Temperature Ranges —150°F. to 200°F., 70°F. to 370°F., 100°F. to 650°F. 

Switch Ratings......... 15 amps. at 115 or 230 volts A.C. Also 20 amps. or 
D.C. switches on specification. 

Switch Types.......... N.O., N.C., or Double Throw — no neutral position. 

On-Off Differential... . Approximately 1.0°F. or 2.0°F. dependent on model. 

Adjustment............ Three-turn, calibrated knob rotated ge graduated 
barrel. Readings and divisions equally spaced over 
entire range. Adjustment knob includes calibration 
screw. 

Electrical Connections ..| Made to internally located terminal block via clearance 


hole in the enclosure. 
Capillary Tube Length...) Standard length six feet. Other lengths available. 


Enclosure............. Die-cast aluminum case with black wrinkle finish. 
Other finishes available. 
Mounting.............. Control head surface mounted in any position by means 


of dog ears. May also be flush mounted. 


Complete information on the Type D5 appears 
in Section 200 of UNITED ELECTRIC’s new 
catalog. Section 200 contains detailed data on 
UE’s complete line of remote bulb temperature 
controls. This information is clearly stated and 
attractively illustrated. Send for your copy now. 


United Contrals 


COMPANY | 


SCHOOL STREET, WATERTOWN, MASS. 


YOU & YOUR JOB... 


lines clear, not only to those be- 
low in the business hierarchy, 
but to whatever levels may be 
above. 

In an article written for Amer- 
ican Management Assn.’s Man- 
agement Review (April 1957, p. 
58), Stuart Chase tells how to 
identify the six most common 
roadblocks on the communi- 
cation line. They are: 

eConfusion of words with 
things. Words are so cardinal 
in human affairs that we tend to 
assume that behind every word 
must stand a physical thing to 
which the word refers. 

eCareless use of abstract 
words. 

eConfusion of facts with 
personal opinions. 

e Judging events and people 
in terms of black or white. The 
bell-shaped frequency distribu- 
tion curve is a useful offset to 
this potential roadblock. 

eFalse identity based on 
words. 

¢Gobbledegook. (And this 
includes technical jargon.) 

Chase suggests that semantics 
is no monopoly of heavy think- 
ers. It is for anyone to use who 
needs to keep his communication 
lines clear. 


WANTED 
. Research Engineers 


Included in the recently re- 
leased McGraw-Hill survey of 
business’ plans for new plants 
and equipment—1957-1960, is 
some estimate of our future in- 
dustrial demands for research 
manpower. 

As part of the survey, manu- 
facturers were asked to estimate 
how much expenditures for re- 
search and development will in- 
crease (or decrease) between 
1956 and 1957 and between 1957 
and 1960. Then, how much will 
this program change your em- 
ployment of scientists and en- 
gineers in research and develop- 
ment? 

Manufacturing companies es- 
timate that they will need 7% 
more scientists and engineers in 
1957. And they expect to em- 
ploy an additional 15% by 1960. 

Note that, as used in this sur- 
vey, research and development 
includes basic and applied re- 
search and engineering, and also 
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design and development of pro- 
totypes and processes. 

Largest increase in scientific 
and engineering employment, 
for the four-year period, is ex- 
pected in petroleum refining 
(33%). Next comes the steel 
and machinery industries (32%) 
and electrical machinery (29%). 

Chemical manufacturers want 
5% more researchers in 1957 
than in 1956; and 16% more be- 
tween 1957 and 1960. 


ENGINEERING SCHOOL 
... Will Add Chemical 


Charles E. Wilson, former 
president of General Electric 
Co., will head up Manhattan Col- 
lege’s (Riverdale, N. Y.) brain 
trust in education. 

To be known officially as Man- 
hattan College’s Council on En- 
gineering Affairs, this group of 
industry leaders will help direct 
the programing of engineering 
education at the college. 

Within a few years, Manhat- 
tan college plans to add degrees 
in nuclear engineering, adminis- 
trative engineering and chemical 
engineering to its present list of 
civil, electrical and mechanical. 

Part of the plan is the con- 
struction of a new engineering 
center on campus to be financed 
by donations of $4,000,000 . for 
facilities and faculty. 


NEW PLAN 
... to Broaden Engineers 


Diamond Alkali has launched 
an intensive, 18-month “engi- 
neering experience - technical 
training program” designed to 
broaden the advancement oppor- 
tunities of newly employed 
chemical engineering graduates. 

Thornton F. Holder, director 
of research at  Diamond’s 
Painesville, Ohio research center 
has appointed R. L. Annis as 
program supervisor. 

Under the plan, each engineer 
assigned will work for 18 
months in three different assign- 
ments of six months’ duration. 
Selection of assignments is 
based on the judgment of the 
program supervisor, keeping in 
mind the employee’s work pref- 
erence as well as those of the 
work group involved. 
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Chemiseal Gaskets 
AND ACCESSORIES FOR CHEMICAL PIPING 


a) 
U nited 
S tates 


Chemical Expansion Joints and Flexible 
Couplings absorb shock and vibration, 
thermal expansion and contraction. Cor- 
rect misalignment. Connect unlike piping 
ends and nozzles. Companion Products 
to the famous Garlock Rubber Expansion 
Joints. Catalog No. AD-137. 


made of duPont 
TEFLON 


impervious 


to 


e ACIDS 
e ALKALIES 
e SOLVENTS 


Chemiseal Jacketed Gaskets. Compressed 
asbestos sandwiched between woven 
asbestos and contained in Type 1 Teflon 
envelope. Ideal for sealing glass-lined 
steel connections. One of many types 
utilizing filler constructions ranging from 
soft woven asbestos to corrugated stain- 
less steel, depending on service require- 
ments. Catalog No. AD-154. 


Chemiseal Jacketed Gaskets. Standard 
for Corning conical flanges. Neoprene 
filler. Type 2 Teflon envelope with flat 
surface fitting flush with pipe I.D., per- 
mitting free flow of medium. Catalog 
No. AD-154. 


Chemiseal Reducers. A steel bearing ring 
provides rigidity. Resilient core assures 
safe seal at low bolt loads. Teflon Jacket 
protects and contains easy-to-handle 
single unit. Catalog No. AD-154. 


United States Gasket Company 
Camden 1, New Jersey 


Gasket Dviiion 


OF THE GARLOCK PACKING COMPANY 
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150,000,000 Standard Fastenings... 


Bolts, Nuts, Screws, Rivets, Washers 
ready for IMMEDIATE DELIVERY 


Be Specific .. . Don’t Compromise... get the 
exact corrosion-resistant fastenings you need— 
right away—from your nearby Harper Distrib- 
utor. He stocks thousands and thousands of them 
to give you quick service. He’s an expert in 
fastenings and will give your order specialized 
attention. Why shop? Why wait? He has what 
you need .. . on hand BEFORE you order. 
They're as near as your phone. Call your local 
Harper Distributor today for immediate delivery. 


THE H. M. HARPER COMPANY 


8209 LEHIGH AVENUE-MORTON GROVE, ILLINOIS 


HARPER 


HARPER 


TENSILE 


= 
= 


Irretutable proof of Harper's greater metals’ strength shown by laboratory test! 
P.S.1 


10 20 30 40 60 60 70 80 90 100 110 120 


An important point in buying fattenings 
is strength. Independent; laboratory 
tests*, utilizing Stainless Steel Machi 
Bolts by Harper. and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


*By R. W. Hunt Laboratories 


Best 500 Between Boards 


TEXTBOOK OF POLYMER 
CHEMISTRY. By Fred W. 
Billmeyer, Jr. _Inter- 
science Publishers. New 
York. 518 pages. $10.50. 


Reviewed by D. F. 
Othmer. 


This is a very useful book 
which combines, in an extremely 
successful manner, the promul- 
gation of fundamental knowl- 
edge with the communication of 
factual details. 

It is a survey of a broad sub- 
ject with many ramifications 
and, as such, is an admirable 
survey or text, rather than a 
comprehensive treatise. 

For the practicing chemical 
engineer interested in operations 
related to the field, rather than 
devoted to expanding the field 
through intensive study and re- 
search, it probably is the best 
500 pages between boards for 
ready reference. 

After a short introductory 
chapter, the author presents a 
clear and comprehensive picture 
of the structure and behavior 
of macromolecules, enumerates 
briefiy but succinctly the experi- 
mental methods for the study of 
polymeric systems in _ solution 
and bulk and describes the es- 
sential conclusions drawn from 
the results of these studies. The 
random-coil concept, with all its 
consequences, is put forward as 
the basis of our understanding 
of structvre-property relation- 
ships. 

The next chapter deals with 
the various methods of poly- 
mer synthesis in a modern 
quantitative manner, clearly 
pointing out the principles but, 
at the same time, presenting a 
wealth of experimental data in 
well-designed graphs and care- 
fully assembled tables. It is a 
very readable and _ instructive 
chapter. 

Then follow three chapters de- 
scribing in a more specialized 
manner the particular structure 
and behavior of those materials 
which are specifically useful as 
plastics, fibers and rubbers re- 
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spectively. Also, this part of the 
book has an abundance of data, 
diagrams and graphs represent- 
ing the present state of the art. 

Billmeyer’s book will be 
equally valuable and indispens- 
able as the first text for re- 
search chemists who attempt to 
discover new species of poly- 
mers, and as a guide for the 
engineer who wants to apply in- 
telligently the types already ex- 
isting. 


Solid State for Novitiates 


THE DEFECT SOLID STATE. 
By T. J. Gray, D. P. Det- 
wiler, D. E. Rase, W. G. 
Lawrence, R. R. West and 
T. J. Jennings. Inter- 
science Publishers, New 
York. 511 pages. $11. 


Here’s a book you’ll find worth 
while if you want to keep 
abreast of some of the recent 
trends in engineering—ideas 
that are now moving into indus- 
try in a big way. 

With growing emphasis on in- 
dustrial possibilities of catalysis, 
corrosion and high-temperature 
phenomena, intermetallic com- 
pounds and_ semiconductors, 
there has come a need for a 
book to guide novitiates in a 
tour of the far-reaching areas 
of solid-state theory and appli- 
cations. 

For chemical engineers, the 
book will help fill that need. The 
volume presents a clear, not-too- 
difficult introduction to the con- 
cepts, applications and literature 
(via valuable, extensive refer- 
ences) of the solid state. Chap- 
ters on semiconductivity, reac- 
tions in the solid state, corrosion 
processes, defect structure and 
catalysis, phase equilibria, ce- 
eramic materials for high 
temperatures and intermetallic 
compounds will be especially: in- 
teresting. And the reader will 
find instructive, too, the chapters 
on diffusion in ionic lattices, sin- 
tering, magnetic properties of 
solids and dielectric properties. 

Treatment of subjects through- 
out the book is highly general- 
ized; the expert in a particular 
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HARPER 


CORROSION-RESISTANT 
FASTENINGS 


Put your SPECIAL problem to 
the Harper FLO-FORM team 


This small but tricky eyebolt (reproduced here in giant 
size) was redesigned and produced by Harper at a 50% 
saving. The Harper Flo-Form Process employs highly 
special techniques to produce parts of economical design, 
with greater strength and durability, and without scrap 
loss. Call on the Harper Flo-Form engineering team of 
design, metallurgical, and tooling specialists to help you 
save dimes to dollars on parts which you find costly to 
manufacture. Use their more than 33 years of know-how. 
See what you, too, can save on corrosion-resistant fasten- 
ings and special parts, Send your problem today to The 
H. M. Harper Company and ask for the Flo-Form catalog. 


ty 


Meet MARTIN STILES, 
Harper Application Engineer 


Northern California users of fastenings are 
provided with Harper Application Engineer- 
ing Service by Mr. Stiles. Marty is an old 
hand at counseling with design and produc- 
tion engineers. Working with the Harper Flo- 
Form Team he helps solve special fastening 
problems. 


The Harper infinity symbol, 
as shown above, an 

the name FLO-FORM are 
registered trade marks of 
The H. M. Harper Company. 


THE H. M. HARPER COMPANY 


8209 LEHIGH AVE., MORTON GROVE, ILLINOIS 
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FOR HOT CORROSIVES: 
ACE TEMPRON 
Heat-resistant nitrile hard rubber pipe 
handles inorganics at 250-275 deg. F. 
. - also resists wide range of organic 
chemicals at room temperature. Sizes 1” 
to 8”, Bulletin 96-A. 


MIGHTY MIDGET 


for pumping acids 


Jabsco neoprene-impeller 
pump made of Ace hard rubber 
outlasts, out-pumps anything 
in its pressure, size and 

price class. Capacity from 

15 gpm. at 22 ft. head 

to 5 gpm. at 72 ft. head. 
Bulletin 97-A. 


SENSITIVE, 
BUT KEEPS 
YOUR HEAD 


TOUGH ACE-ITE PLASTIC PIPE 


General-purpose moderately priced rub- 
ber-plastic pipe handles most common 
chemicals to 170 deg. F.... except few 
strong acids and organic solvents. Tough, 
odorless, tasteless. Rigid pipe 14” to 6”. 
Bulletin 80. 


lined with Ace hard rubber for the best 
in corrosion resistance. Large, straight- 
through flow areas. Sensitive to slight 
pressure differential. Non-slamming. 
Sizes 2” to 24”. Bulletin CE-52. 


| 


4 A E processing equipment of rubber and plastics 


ACE Darling Swing Check Valve... 


AMERICAN HARD RUBBER COMPANY 
93 WORTH STREET - NEW YORK 13, N. Y. 
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field will find that specialized 
considerations frequently have 
been omitted and theoretica] 
treatment cut to a minimum. 
Most of the book presumes not 
more than a passing familiarity 
with electricity, magnetism and 
atomic physics.—JBB 


How Many Engineers? 


ENGINEERING ENROLL- 
MENT IN THE UNITED 
STATES. Edited by N. N, 
Barish. New York Uni- 
versity Press, New York. 
226 pages. $7.50. 


With the cooperation of, and 
a grant from, the Thomas Alva 
Edison Foundation, New York 
University Press has just pub- 
lished this authoritative volume 
on the subject of engineering en- 
rollment. 

Norman Barish, professor and 
chairman of industrial and man- 
agement engineering at NYU, 
serves as editor and supplies the 
answers to these important engi- 
neering manpower problems: 

e How rapidly have we been 
training engineers in the past? 
What is the rate of growth of 
engineering enrollments and 
graduations? What kinds of en- 
gineers are we training? 

eHow has the rapid bud- 
ding of new engineering special- 
ties affected the popularity of 
the older branches? Is large- 
scale enrollment in graduate 
programs here to stay? 

eWhat’s the attrition rate 
of engineering students? What’s 
the future outlook for enroll- 
ments and successful gradua- 
tions? 

While all the branches of en- 
gineering are covered in this 
reference, the chapter on chemi- 
cal engineering written by 
Thomas H. Chilton, technical di- 
rector of Du Pont’s engineering 
department, will interest you 
most. 

For further discussion see 
this month’s You & Your Job.— 
RFF 


BRIEFLY NOTED 


ANALYSIS FOR PRODUCTION MAN- 
AGEMENT, 503 pp. By Edward 
H. Bowman and Robert B. 
Fetter. Richard D. Irwin, Inc. 
$7.80. Should be helpful to the 
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man in industrial engineering. 
Contains chapters on schema- 
tic models, linear and special 
programming, statistical con- 
trol, sampling inspection, in- 
dustrial experimentation and 
ten case studies, 


ANNOTATED BIBLIOGRAPHY OF 
LITERATURE AND PATENTS RE- 
LATING TO PRODUCTION OF CAR- 
BON BY DECOMPOSITION OF 
CARBON MONOXIDE. 39 pp. By 
H. Jack Donald. Available 
free. Mellon Institute, 4400 
Fifth Ave., Pittsburgh 18, Pa. 
Gives abstracts the 
literature through 1952. 


ANNUAL REPORT FOR 1955 FOR 
THE EUROPEAN FEDERATION 
OF CHEMICAL ENGINEERING. 
150 pp. DM 10. ANNUAL 
REPORT FOR 1955 FOR THE Ev- 
ROPEAN FEDERATION OF CORRO- 
SION. 54 pp. DM 10. Frank- 
furt Office of the General 
Secretariat, European Federa- 
tion of Chemical Engineering 
(or Corrosion), Frankfurt am 
Main 7, Postfach. Summarizes 
work and activities of various 
technical groups up to the end 
of 1955. 


THE CHEMICAL INDUSTRY FACTS 
Book. 160 pp. Manufacturing 
Chemists’ Association, 1625 
Eye St., N. W., Washington 6, 
D. C. $1.25. Gives informa- 
tion on development and func- 
tion of chemical industry. 


CHEMICAL PRODUCTION FLOW- 
SHEETS, PLANT DIAGRAMS. 40 
sheets. Dechema, Deutsche 
Gesellschaft fuer chemisches 
Apparatewesen, Frankfurt am 
Main 7, Postfach. DM 16. 
Contains 220 diagrams rep- 
resenting types of equipment 
most commonly used in chemi- 
cal technology. 


HANDBOOK OF SOLVENTS—VOL. 
I PuRE HYDROCARBONS. By 
Ibert Mellan. 249 pp. $6.50. 
Reinhold Publishing Corp. 
Lists hydrocarbon solvents by 
trade name, classified accord- 
ing to distillation range; gives 
chemical composition, evap- 
oration rate and other prop- 
erties. 


THIRD TECHNICAL PROGRESS RE- 
PORT—AIR POLLUTION FOUN- 
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STAYS TOUGH 
AT SUB-ZERO TEMPERATURES 


Ace Pantan ... odorless, tasteless, rigid 
polyethylene. Best chemical resistance of + 
any plastic at room temp. except to acetic 
acid. Excellent impact strength at sub- 
zero temp. Rigid pipe 44” to 2”. Bul. 351. 


LIFE-TIME 

ACID STORAGE TANKS 
Rubber-lined by ACE 
2-layer system 


Economical, universal protection / 
against all alkalis, metallic salts, (© 
practically all inorganic acids, | 
hydrochloric acid any strengt! 
sulphuric to 50%, nitric to ie 
20%, phosphoric to 75%. 
Good to 160 deg. F.... 
sometimes higher. Soft 
rubber interlayer aids 
shock resistance, 


§ WEED SPECIAL FITTINGS, 


. +. we may save for you by molding them 
of Ace hard rubber or plastics to your 
most exacting requirements, Our facili- 
ties among world’s largest. Ask for 
recommendations, 


ACE "WAM"... THE FINEST COVERS, TANKS, PARTS? 
Non-metallic Acid Pump 
I£ you want life-time corrosion protec- 
On job after job, this 80-gpm. centrifugal § tion for special parts needed in quantity 
s 


pump has earned highest praise. Hard 
rubber casing and impeller, Hastelloy 
C shaft. Handles nearly all corrosives, 
Mechanically simple, trouble-free. Bulle- 
tin CE-55. Larger Ace pumps available. 


E processing equipment of rubber and plastics 


“AMERICAN HARD RUBBER COMPANY 
93 WORTH STREET e NEW YORK 13, N, Y. 
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DATION. 110 pp. $3. Air Pol- 
lution Foundation, 704 §, 
Spring St., Los Angeles 14, 
Calif. Summarizes technical 
details of work done in fields 
of atmospheric physics and 
chemistry and on auto ex- 
hausts and incinerators. 


DISPOSAL OF INDUSTRIAL WASTE 
MATERIALS. 157 pp. Papers 
from symposium of Society of 
the Chemical Industry confer- 
ence at Sheffield University, 
April 17-19, 1956. Macmillan 
Co. $7.50. Includes useful in- % 
formation on waste treatment p 
in pharmaceutical, pesticide, 
leather, rubber, textile, fiber, 
ceramic, petroleum and atomic 
industries, and on ore-dress- 
ing wastes and sulfur re- 
covery. 


MANUAL ON INDUSTRIAL WATER. 
502 pp. American Society for 
Testing Materials, 1916 Race 
St., Philadelphia 3, Pa. $6. 
Contains a complete appendix 
in addition to a comprehensive 
discussion of water, its uses, 
treatment, sampling, analysis 
and difficulties caused by it. 


SYMPOSIUM ON __ PROPERTIES, 
TESTS AND PERFORMANCE OF 
ELECTRODEPOSITED METALLIC 
COATINGS 129 pp. American 
Society for Testing Materials, 


tt 1916 Race St., Philadelphia 3, 
Here Ut is — Six stages Pa. $3. Presents information 
and 10 microns absolute on cleaning, corrosion be- 
havior and evaluation of elec- 
We now offer you absolute pressures trodeposited metallic coatings. 
approaching the ultimate — almost a TECHNICAL DATA ON PLASTICS 
perfect vacuum (pressures in the range 224 pp. Manufacturing Chem- 
of 1 to 100 microns). ists’ Association, 1625 Eye St., 
tes N. W., Washington 6, D. C. 
If you can see advantages in this type of $3.25. Presents graphical and 
operation let us submit a proposal. tabular data on fabrication, 
Our equipment is tried and proved — and durability, electrical, mechani- 
will provide you with the most economical cal and miscellaneous proper- 
° ties of 25 types of plastic ma- 

and reliable source of extreme pose 


vacuum available today. 


THERMODYNAMIC PROPERTIES OF 
CHLORINE. 39 pp. By R. M. 


Kapoor and Joseph J. Martin. 

University of Michigan Press, 

Ann Arbor, Mich. Gives prop- 

erties of superheated vapor, 
MAN UFACTURING Cco., INC. saturated vapor and _ liquid, 


416 LEXINGTON AVE., NEW YORK 17, N. Y. pressure-enthalpy and temper- 


ment of equations and method 
of calculating tables. 
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Designed for Chemical dnd 
Pharmaceutical Industries 


Dra n Val ves 


The Strahman Drain Valvelis the only 
valve that cannot clog up. It is so de- 
signed that in the closed position the. 
piston or ram extends up into the tank — 
thus preventing any -possibjlity of the 
outlet becoming plugged. | 


In the open position, full, and unob- 

. Structed flow is assured as: the piston 
is drawn down into the bonnet leaving 
“a completely open passage for the ma- 
terial passing through. 


Welte direct for complete] catalogue 


STRAHMAN 


’ VALVES, INC. 


16 HUDSON STREET 
YORK 13, U.S.A. 
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THERMODYNAMICS AND STATISTI- 
CAL MECHANICS. 495 pp. By 
A. H. Wilson. New York: 
Cambridge University Press, 
New York. $9.75. Advanced 
treatment, fairly heavy on the 
math; primarily for physi- 
cists, but enlightening for the 
engineer. Gives applications 
of thermodynamics to ideal 
and nonideal gases and solu- 
tions and to solids. 


TRILLINEAR CHART OF NUCLIDES, 
2nd ed. Compiled by William 
H. Sullivan. Superintendent 
of Documents, U. S. Govern- 
ment Printing Office, Wash- 
ington 25, D. C. $2. Shows 
up-to-date nuclear data. 


MORE NEW BOOKS 


AMERICAN INSTITUTE OF PHYS- 
Ics HANDBOOK, Ist ed. Coor- 
dinating Editor, Dwight E. 
Gray. McGraw-Hill. $15. 


AUTOMATION IN BUSINESS AND 
INDUSTRY. Edited by Eugene 
M. Grabbe. Wiley. $10. 


AUTOMATION: ITS PURPOSE & 
FuTuRE. By Magnus Pyke. 
Philosophical Library. $10. 


BUILDING AN ENGINEERING 
CAREER. By Clement C. Wil- 
liams and Erich A. Farber. 
McGraw-Hill. $4.75. 


ELECTRICITY AND MAGNETISM. 
By J. Newton. Philosophical 
Library. $10. 


ENGINEERING THERMODYNAMICS. 
By C. Osborn Mackey, William 
N. Barnard and Frank O. El- 
lenwood. Wiley. $7.95. 


HANDBOOK OF HARD METALS. By 
W. Dawihl. Philosophical Li- 
brary. $10. 


HUMAN RELATIONS IN BUSINESS. 
By Keith Davis. McGraw-Hill. 
$6.50. 


INDEXES TO PUBLICATIONS OF THE 
AMERICAN CERAMIC SOCIETY. 
Published by the American 
Ceramic Society. $5. 


INSTRUMENTAL ANALYSIS. By 
Paul Delahay. Macmillan. 
$7.90. 


Yes, P.S. stands for Powers’ Service 
— mighty important when you need 
temperature control systems for 
process or plant hot water or steam 
lines. It means that you get more 
than just a product; you get a com- 
plete service that includes applica- 
tion engineering counsel, prompt 
delivery from local stock, installa- 
tion engineering, and service in- 
structions for your plant personnel. 
All this is readily available through 
more than 60 factory branch offices 
in the United States and Canada. 


Powers’ service allows complete 
freedom of temperature control 
planning and installation, too, for 
Powers Controls are available on an 
installed basis or as equipment only. 
Call your local Powers branch to- 
day for the full story, or write to: 


THE POWERS REGULATOR COMPANY 
Skokie 17, lilinois Dept. 657 
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19,862 years of precision metal-forming 


Time brings experience . . . experience brings skill . . 
and the FLEXON® team of engineers, metallurgists, and 
technicians have worked a total of 19,862 years perfecting 
the most skillfully-made expansion joints that can be 
formed. 


| These same skills are part and parcel of all Flexonics 

formed and corrugated tubular shapes in metal—flexible 
metal hose, instrument-type bellows, “impossible” bends 
and section modulations for aircraft parts. They assure 
you expansion joints that you can install and forget. 


Always specify FLEXON Expansion Joints—free-flexing 
and controlled-flexing; dual and multiple types; balanced 
joints and other special designs; all in stainless steel, monel, 
and other workable alloys. Flexon Expansion Joints last 
longer on the job—because they are engineered right and 
made better. 


Write today for your copy of the Flexon Expansion Joint Design 
Guide—28 pages of facts about absorbing pipe motion. 


corporation 
EXPANSION JOINT DIVISION-1317 S. THIRD AVE., MAYWOOD, ILL. 


& 


EXPANSION NON-METALLIC AIRCRAFT 
JOINTS HOSE COMPONENTS 


MEET 


Raymond Byler 


CHEMICALS USED IN MIN- 
ERAL PROCESSING. P. 200. 


Author Raymond Byler re- 
ceived his B. S. degree at the 
University of California’s Col- 
lege of Mining & Metallurgy in 
1924, and he’s been active in the 
same field ever since. 

Professional experience in- 
cludes many years in the metal- 
lurgical and chemical process 
fields, in areas running the 
gamut from research to actual 
operations, from processes to 
equipment. Much of his employ- 
ment has taken place right here 
in the States though he has 
worked in foreign countries, 
particularly Mexico and Canada. 

Spelled out, his work record 
looks like this: He joined Arthur 
D. Little’s San Francisco of- 
fice in 1954 with an assignment 
involving the economic and tech- 
nical evaluation of mineral re- 
sources and processing indus- 
tries. 

Before that, he had been vice 
president in charge of engineer- 
ing and research for The Merrill 
Co. During the war he chief 
engineered the design and erec- 
tion of a plant for producing 
aluminum powder for incendiary 
bombs and depth bombs. At that 
time, he was also in charge of 
process development and plant 
design for Metals, Inc., where 
work was geared toward the pro- 
duction of pyrophoric metal 
powder for the Chemical War- 
fare Service. 

Byler served as chairman of 
the mining branch of the Ameri- 
can Institute of Mining & Metal- 


. June 1957—Cuemicat ENGINEERING 


XUM 


¥ 
| 
| 
i €)-205 
= 
i 


UR | AUTHORS 


M, A. GIBBONS 


lurgical Engineers in 1953. 
Currently, he is director of the 
executive committee of the Soci- 
ety of Mining Engineers. 

He also holds membership in 
the American Chemical Society, 
the Mining & Metallurgical So- 
ciety of America, the Engineers’ 
Club, the mining committee of 
the San Francisco Chamber of 
Commerce, and the American In- 
stitute of Mining, Metallurgical 
& Petroleum Engineers. 


Donald E. Garrett 


“ORGANIZE CORROSION DA- 
TA.” 342. 


Since he first joined American 
Potash & Chemical Corp., two 
years ago, Donald Garrett has 
been closely associated with the 
company’s corrosion department 
at the Trona, Calif., plant. 

Garrett tells us that whenever 
he wanted to get any informa- 
tion out of the extensive corro- 
sion files available at Trona, he 
was constantly frustrated by the 
lack of a simple cross filing and 
indexing system. He was sure 
that there should be some easier 
method than the one in use. 

A punch card technique was 
devised and proved to be just 
what the plant needed. His hope 
to “spare the patience and tem- 
pers of contemporaries in a simi- 
lar predicament” resulted in the 
present article. 

A native of California, Gar- 
rett studied on home grounds at 
Berkeley’s University of Cali- 
fornia. Later, he earned a 
Ph.D. at Ohio State. 


CuEMICAL ENGINEERING—June 1957 


WESTERN STATES presents the Roberts 
G-8 Automatic Electric Drive Centrifugal 
(48” x 30” basket—1200 R.P.M.) 
Completely automatic, this centrifugal 

designed for more efficient, more eco- s 
nomical operation. Here are some of . 
the outstanding features of the new G-8, 2 
Duty cycle completely auto- 


matic. 


Continuous automatic ree 
cycling. 
Operator acts as observer — 
only; is free to operate one — 
machine or a complete — 


Adjustable duty cycle; any 
part of the duty cycle can be 
adjusted to meet special 
conditions. 


‘loading gate closes auto- 
matically when basket has — 
received predetermined 
charge. 


All components of the duty 
are interlocked, 
assuring accurate timing of 
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WESTERN STATES 
MACHINE COMPANY 
HAMILTON, OHIO, U.S.A. 
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MOST PERFECT SEAL 
FOR YOUR PRODUCT 


IN WAUKESHA 
P.D.* 


CORROSION 
RESISTANT 
PUMPS 


New Waukesha San- 
itary Pump with 
Vented Cover. 


No product leakage 
. . . no intake*of 
air with the new 

Twin O-Rings in WAUKESHA 
PUMPS. Sealing is engineered to handle vacuums 

up to 27 inches of mercury; pressures up to 150 PSI. 


Here’s How 
The O-Twins Work | 


Picture at left.shows one O-Ring 
fitted to the shaft. Known as the 
shaft sleeve seal rubber, it not 
only seals but provides exact po- 
sitioning of the impellers. 

Next picture shows the stainless 
steel sleeve which fits on shaft 
over the O-Ring. Arrow points 
to pin which fits a slot in the 
sleeve so that sleeve and shaft 
must rotate together. No galling, 
no siezing, no misalignment, no 
shaft wear! And no leakage! 


Where’s the Other Twin? 


It’s located in the pump body as 
the 8rd picture shows. When 
cover and pump body are to- 
gether, the stainless steel shaft 
sleeve rotates inside this ring. 
Again, no shaft wear at this 
point. The sleeve is reversible 
— doubles its life. 


But these are only three of the features in the NEW 
WAUKESHA PUMP —there are 18 in all—to make 
your choice of WAUKESHA more profitable with far 
less maintenance and far longer 
service-life, get in touch with your 
WAUKESHA distributor. 


Here’s WAUKESHA'S 1957 Catalog fo tell 
you the whole story of WAUKESHA Pumps. 
Tell us what product you handle. Send a 
postcard today. 


*Positive Displacement 


FOUNDRY COMPANY 


Dept. U6, Waukesha, Wisconsin 


AUTHORS ... 


Since 1950, though, Garrett 
has been back working on home 
soil. Of the last seven years, he 
has spent two years with Dow 
Chemical Co. in Pittsburgh, 
Calif.; three years with Union 
Oil Co., at Wilmington and Brea, 
Calif.; and the past two years 
with American Potash & Chem- 
ical Corp. 

At present, he is manager of 
research for the latter firm at 
its Trona, Calif., plant. 


Frank O. Osmon, Jr. 


“ORGANIZE CORROSION 
DATA. P. 342. 


Last year, Frank Osmon spent 
his summer vacation from school 
working for American Potash & 
Chemical in Trona, Calif. 

Under the direction of Co- 
author Garrett, who is manager 
of research at Trona, Osmon 
transferred information from an 
obsolete file on corrosion data to 
a punched card system. The sys- 
tem proved so worthwhile that 
the two men decided to share 
their wealth—in the current 
article. 

Osmon is due to get his degree 
in chemical engineering by Jan- 
uary 1958 at the University of 
Texas. At the school, he is ac- 
tive in the student branch of 
the AIChE. He has also taken 
on work as a grader in the Math 
department during the past two 
years. 

Last summer, Osmon’s duties 
at American Potash were those 
of a student trainee in the re- 
search department. The year be- 
fore, he worked as a helper at 
the firm’s bromine, lithium car- 
bonate plant. 

Osmon lives in Austin, Tex. 
Among “outside” interests, he 
lists photography. 
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Charles F. Gerlach 


ECONOMICS: CHLORINE- 
CAUSTIC OUTLOOK. P. 200. 


Wyandotte Chemicals’ Charles 
F. Gerlach has been associated 
with the firm since 1951. 

His familiarity with the eco- 


nomics of the chlorine-caustic _ 


horizon comes largely as a re- 
sult of his responsibilities for 
the sales and promotional pro- 
grams for all of Wyandotte’s in- 
organic chemicals. 

Gerlach has a broad and 
varied educational background. 
He earned a B. A. in 1936 from 
the University of Wisconsin and 
stayed on to work for an M. S. in 
entomology and chemistry. 

During World War II, he 
served the U. S. Public Health 
Service, Communicable Disease 
Div., with a rank of captain. 

Before coming to Wyandotte, 
he had been vice president and 
general sales manger of Michi- 
gan Chemical Corp. 


Robert I. Chien 


ECONOMICS: CHLORINE- 
CAUSTIC OUTLOOK. P. 200. 


A native of China, Robert I. 
Chien earned an LL.B. degree 
there before he came to the 
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Whether you are mixing granular or pulverized, wet or dry materials, 
Readco’s counterflow action spiral ribbon mixers will provide a thorough 
mix in less time and without material build-up at the bowl ends. These sturdy 
mixers are built for continuous or batch processing. They can be supplied 
for pressure of vacuum service, with or without temperature controlling 
jackets and in working capacities from 1 to 500 cubic feet. Readco also manu- 
factures a complete line of double arm mixers, including laboratory and 
pilot plant models, vertical mixers and materials handling equipment. Mod- 
ern laboratory facilities are available to assist you in determining the proper 
equipment to suit your needs. Write for complete details. 


STANDARD 


DIVISION: 


CAPITOL PRODUCTS CORPORATION 


YORK, PENNSYLVANIA 
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WIRE 
CLOTH 


METAL 
CONVEYOR 
BELTS 


for 


INDUSTRIAL 
WIRE CLOTH 


in BULK 
or 
FABRICATED PARTS 


COMPLETE LINE 


Nine weaves ranging from 
the finest to the coarsest, in 
any metal or alloy. 


ACCURATELY WOVEN 


Individual loom operation and 
careful inspection just before 
shipment assure accurate mesh 
count and uniform mesh size. 


PROMPTLY DELIVERED 


Most bulk orders are shipped 
immediately from stock. If 
your needs are for less fre- 
quently used types, we'll 
schedule our looms to fill your 
order without delay. 


In fabricating parts... 
filter leaves, strainers, siz- 
ing screens .. . we'll work 
from your prints or draw 
up prints for your OK. 


LET US QUOTE on your next order 
for wire cloth. Call your Cam- 
bridge Field Engineer—he's listed 
under “Wire Cloth” in the Yellow 
Pages of your ‘phone 
book or write for 
FREE 80-PAGE CATA- 
LOG and stock list. 


speciat Department G, 
METAL. Cambridge 6, 
FABRICATIONS Maryland 


AUTHORS... 


United States. Since that time, 
he has added an M.B.A. from the 
University of Denver, a master’s 
in statistics as well as a Ph.D. 
in economics from the Univer- 
sity of Minnesota. 

Chien was an instructor of 
economics and statistics at the 
University of Minnesota until 
1951 when he joined Wyandotte 
Chemicals Corp. as a senior mar- 
ket research and statistical ana- 
lyst. Currently, he is manager 
of market research for Wyan- 
dotte’ Michigan Alkali Division. 

At present, Chien is also 
president of the Detroit Chapter 
of the American Statistical 
Assn, and program chairman of 
the American Marketing Assn. 
in Detroit. 

Chien holds active member- 
ship in the Chemical Market 
Research Association, the ad- 
visory council of marketing re- 
search directors of the National 
Industrial Conference Board, 
and the American Society for 
Quality Control. 


Robert C. Green 


REDUCE COSTS WITH SCALE 
MODELS. P. 235. 


Like Co-author Stanley 
Shukis, Robert Green was still 
assigned to the Army’s Chemical 
Corps Engineering Command in 
Maryland when he helped pre- 
pare the current article. 

Green went in under the 
Army’s Enlisted Scientific and 
Professional Personnel program 
as a chemical engineer. He, too, 
was engaged in the design of 
plants for the production of 
chemicals. 

Just now, though, he’s busy 
earning a master’s in chemical 
engineering at Ohio State Uni- 
versity. Specifically, he’s study- 


June 1957—CuemicaL ENGINEERING 


XUM 


4 
: 
— 
— 
TRIAL CITIES 
! 


XUM 


ing, under Dr. Webster B. Kay, 
the effect of structural isomer- 
ism on the heat capacities of 
fluorinated hydrocarbons. 

This Fall, when he completes 
work at Ohio State, Green will 
join Esso Research & Engineer- 
ing in Linden, N. J., in their 
chemicals development division. 

Before his stint in the Army, 
Bob Green was employed by 
Herrick L. Johnston, Ince., 
Columbus, Ohio, as a cyrogenic 
engineer in the production of 
liquefied gases. He did under- 
graduate work at the University 
of California in Los Angeles. 

Outside the office, Green likes 
to enjoy an occasional game of 
bridge or golf. And, when he 
manages to get back to his na- 


tive California, he heads for the 


streams of the High Sierras to 
fish for trout. 

And, when he took leave of the 
school, in June 1953, he grad- 
uated first in the engineering 
class. 

While at UCLA, Green was a 
member of Tau Beta Pi and Phi 
Eta Sigma honorary fraterni- 
ties. 


Stanley P. Shukis 


REDUCE COSTS WITH SCALE 
MODELS. P. 235. 


To someone who spends a good 
bit of spare time boning up on 
developments in creative engi- 
neering, using scale models in 
plant design came as a natural 
course of events. 

Do-it-yourself-hobbyist Stanley 
P. Shukis found it so and now 
the Army Chemical Corps’ Engi- 
neering Command is sharing his 
enthusiasm. 

Shukis went to work for the 
Command (then an Agency) in 
1954 where he directed the pilot- 
ing of a new process for produc- 
ing bleaching powder. He was 
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Equip Your ranks With 
BSeB Lightweight tank 


Vents and Flame Arrestors! 


| the BS&B Tank Vent, Type 76-16, fea- 
tures a floating seal for positive shut-off 
under both pressure and vacuum. Positive 
‘seal is effected without utilizing the weight 
of the hinged cover. Vapor pressure within 
the tank (or atmospheric pressure in the 
case of vacuum) maintains seal. Cover and 
major internal components are aluminum 
with stainless or plated steel hardware; 
-. plastic coated bases are cast iron. These 
>. vents mount to 125 lb. ASA bolting circles 
in sizes 6” through 12”. 


-BS&B Flame Arrestors, Type 76-18, for 
~.< free vent systems, may be mounted either 
~.< horizontally or vertically. End connections 
_are 125 lb. ASA flanged for mounting to 
‘open vent lines of process vessels. Flame 
bank end flanges are identical to those of 
“the Type 76-17 Arrestor Vent Bases (be- 
low). Lightweight, maximum venting ca- 
pacity and servicing ease are important 
features of the Flame Arrestor. 


BS&B Arrestor Vent, Type 76-17, com- 
~bines the features of Types 76-16 and 
“76-18 described above. It functions both 
as a tank breather and as a cartridge type 
flame arrestor to prevent ignited vapors 
‘from flashing back into the tank. Flame 
bank is secured by two quick opening V- 
clamps for easy access to unit for inspec- 
tion or servicing. N: ormal venting with the 
flame bank removed is maintained by 
Simply securing the top unit to the base 
With one V-clamp. Internals of flame bank 
are alternate layers of flat and corrugated 
aluminum in a continuous roll. 


SIVALLS 
SRYSON, ING. 


Safety Head — Vent Valve Division, Dept. 2N-6 
7500 East 12th Street 
Kansas City 26, Missouri 
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Lows LIKE FLUID... 
through in most advan AUTHORS . . . 


also project engineer on five 
plant designs and in charge of 
the Corps first two attempts to 
use the scale models as aids in 
design. In 1945, he was awarded 
the bronze star award. 

Other interests include pho- 
tography, stills as well as 
movies. Shukis is also reason- 
ably fluent in German and 
Lithuanian. In fact, he did some 
translating for the Government 
during the war. 

Recently, Shukis bought a 
- ranch home in Aberdeen, 


General Electric uses 
SUPERIOR “FLUIDIZER®? for fast, efficient 


conveying of woodflour 


GENERAL ELECTRIC’S Phenolic Products ARE ANY OF YOUR 
plant has installed a Superior “FLUIDIZER” PRODUCTS LISTED HERE? 


as part of a new molding material 
manufacturing system. As shown above, Silicone * Calcium Phosphate 


the “FLUDDIZER” conveys woodflour Anhydrous Sodium Sulfate 
from a central storage hopper to a number Ammonium Chloride 
of process stations via 4” tubes. Trisodium Phosphate 
Because there is little dusting at the — og 
discharge ends of the conveying ight Zinc Ox , 
lines, there is no need for the expensive Sodium Perborate Leonard M. Naphtali 
and bulky dust collection equipment 
necessary on other air conveying systems. Ferrous Sulfa ine Alumina 
more cumbersome, less efficient method Sodium Chloride RAPIDLY DETERMINES OP- 
of conveying which involved carting TIMUM PROCESS CONDI- 
woodflour in 80 to 100 lb. bags to the granular products have been TION. P. 238. 
various stations and then dumping successfully fluidized. Call or 
them manually. General Electric engineers 
are now looking into other operations Brooklyn Poly’s Associate 
which may utilize more “FLUIDIZERS”. to your bulk handling problems. Professor Leonard M. Naphtali 


has a tough but never dull sched- 
ule what with teaching, research 
and consulting projects. 

His main interests are in the 
area of chemical engineering 
science but he keeps tabs on the 
other sciences, too, as a hobby. 
Beyond that, he’s a “hi-fi” en- 
thusiast, makes his own furni- 
ture and enjoys “conversation on 
any conceivable subject and on 
many inconceivable ones too.” 

Before coming to Brooklyn 
Poly, Naphtali worked at Ford 
Motor Co.’s scientific lab. He 
was employed in the metallurgy 
department as a research engi- 


amma neer, working on iron ore re- 

ES | @ - duction with fluidized beds. 
PROCESS MACHINERY DIVISION ‘om Naphtali did undergraduate 
work in chemical engineering, in 


SEPARATOR COMPANY his native New York City, at 
Cooper Union. He earned his 


THE VERSATILE ‘‘FLUIDIZER’’ SYSTEM 
consists basically of the ‘‘FLUIDIZER”’ 
valve, source of air and conveying line. 
It is available in a wide range of unit 
sizes from a simple assembled package 
to a completely engineered system with 
switching stations, remote and automatic 
flow diverters, pressure switches, and 
many other Superior accessories and 
services. 

If you handle dry, powdered solids, 
the Superior “FLUIDIZER” may be the 
answer to your problems of rising oper- 
ating costs. Contact Superior today. 


121 South Washington 919 D East California St. 420 Lexington Avenue 221 North LaSalle 
Hopkins, Minnesota Pasadena, California New York, New York | Chicago, Illinois master’s and doctorate at the 
WEst 8-7651 RYan 1-9724 LExington 2-8878 FRanklin 2-3181 University of Michigan. 
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Sidney I. Neuwirth 


NEW STATISTICAL METHOD 
RAPIDLY DETERMINES OP- 
TIMUM PROCESS CONDI- 
TION. P. 238. 


Like Co-author Naphtali, Sid-. 


ney Neuwirth was born and 
educated in New York City. Neu- 
wirth attended New York Uni- 
versity, where he took on a B. S. 
and a master’s in mathematical 
statistics and minored in chem- 
istry and biology. His disserta- 
tion was on the subject of 
“Maximum Likelihood.” 

Since then, he has divided his 
time between studying for a 
doctorate in the same field and 
working as a research statis- 
tician. For the Ph.D., he has 
been taking courses at Columbia 
University and attended the 
University of Chicago for a 
time. In industry, he has been 
employed as chief research sta- 
tistician for Schering Corp., 
Bloomfield, N. J., and the Ameri- 
can Medical Assn., Chicago. He 
has also done some independent 
consulting work as a statistician. 

In the past, Neuwirth has 
authored other articles. In April 
1954, his “Statistics—Guide and 
Guardian” appeared in the 
Monthly Bulletin. A year later, 
he published his “Use of Sta- 
tistics as an Important Tool 
in Research” in the Industrial 
Laboratories’ May issue. 

At present, Neuwirth is an 
active member of the American 
Society for Quality Control, 
metropolitan section. He is also 
a member of the New York 
Academy of Sciences, the Op- 
erations Research Society, the 
American Mathematical Society 
and the AAAS. 

Sid lists bridge and tennis 
among his foremost hobbies, 
though his two children come 
first as a spare time demand. 
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TEMPERATURE 
RECORDING... 


One of the many uses for Auto-Lite 
Recorders is the application shown 
below . . . a natural gas field meter 


Auto-Lite Model “1000” Temperature Recorder 
has 6” chart. Various standard ranges from minus 
40°F to plus 550°F. Available for wall mounting, 
portable or portable self contained use. Electric or 
mechanical chart drive. Choice of 24-hr. or 7-day 
cycle. Capillary tubing permits remote reading. 
Priced as low as $49.50. Manufactured to cus- 
tomers’ specifications. Send for latest Catalog 
describing many types of Auto-Lite 
Recorders and Indicators. 


THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 


TOLEDO 1, OHIO 
NEW YORK CHICAGO SARNIA, ONTARIO 


YOUR SOURCE 
BUY DIRECT 
from the 
MANUFACTURER 


Over 35. years of has taught many the 
real economy of KNOX TOWER PACKINGS for 
initial installations as well as replacements. For 
your added protection and satisfaction, sales are 
made difect, to you, the ultimate consumer. 

KNOX has top flight engineering facilities 
for the actual production of TOWER PACKINGS, 


includiagi 
RASCHIG RINGS 


BERL SADDLES 
PARTITION RINGS 
etc. 
You are thus assured of the very finest of high 
grade vitrified porcelain with zero porosity. _ 
Repeat orders of carload after carload, year in 
and year out, assures us our Quality is positively 
SUPERIOR to any porcelain TOWER PACKING 
on the Market. 
TRY US 


for 


KNOX PORCELAIN coRPoRATION | 


Packings 
KNOXVILLE |, TENNESSEE 


ay 
: 
- 
TEMPERATURE RECORDERS & INDICATORS 1 
Electrical Porcelace RASCHIG RINGS 
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centrifugal saves 
16 manhours a day 


A Tolhurst Batch-Master centrifugal is now processing the same 
volume of fine organics in 8 hours as 2 other centrifugals formerly 
did in 24 hours. These results, illustrated graphically, occurred in 
a leading chemical plant. 


HOURS PER DAY TO DO SAME JOB 


24 
Tolhurst 
Batch-Master 
Savings: 16 manhours a day 
(1 man ran both centrifugals) 
2 former 
centrifugals 


Unloads in 30 seconds 


Tolhurst’s hydraulic unloader and bottom discharge unload the solids 
in 30 seconds. Other batch centrifugals, under identical conditions, 
take 15 minutes or more. 


UNLOADING TIME IN MINUTES 
10 15 


Batch-Master with 


hydraulic unloader 


Other batch 
centrifugal with 
manual unloading 


= MAIL COUPON TODAY 


A DIVISION OF 


American Machine and Metals, Inc. 


Specialists in liquid-solids separation 
Dept. CET-657, EAST MOLINE, ILLINOIS 


Send your new free 4-page Bulletin TC-14-56 giving full data on Batch-Master 
Centrifugal. 


NAME AND TITLE 


COMPANY 


ADDRESS 


ciTYy ZONE STATE 


Tolhurst 


“PEOPLE . . a 
LETTERS: 


4 
Z 


Con: Patent Infringement 
Sir: 

I have read your Plant Note- 
book item, “New Reflux Splitter 


Resists Corrosion,” by L. T. 
Haire and S. R. Eckhaus, as it 
appears in your December 1956 
issue (p. 220). 

The device as described in this 
article is covered by our patent 
(U. S. 2,518,574), with other 
claims pending. The authors of 
the article have conflicted with 
our interests in bui:ding such an 
apparatus without our permis- 
sion and in instructing others to 
do likewise. 

Automatic reflux splitters of 
the type described are manufac- 
tured by us and distributed on 
a nationwide basis. 

P. N. HEERE 
Distillation Engineering Co. 
Livingston, N. J. 


Not Yet, Anyway 
Sir: 

You have done an excellent 
job with the April cover and the 
article on “How to Check Equip- 
ment Quality” (pp. 261-266). 

However, there is an error in 
the biography of the author (pp. 
331-332). Mr. Veith’s title is 
chief inspector, not chief engi- 
neer, 

F. C. BREUNINGER 
E. I. du Pont de Nemours & Co. 
Wilmington, Del. 
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PRO & CON 


CHILTON 


Better Estimating Methods 
Sir: 

Your editorial on the need for 
more cost data (April 1957, p. 3) 
was interesting, and I wish you 
luck on obtaining additional 
data. 

You say that no more is 
needed on “estimating methods.” 
I think you must refer chiefly 
to methods of fixed capital cost 
estimation, and I agree that 
enough has been written on this 
subject. This is also the chief 
area where very little recent 
data have been published on a 
correlated basis. 


However, methods of estimat- 


ing working capital and direct 
manufacturing costs (particu- 
larly their overheads) are, I 
think, neglected in the literature, 
and much more needs to be pub- 
lished on them. Also, I feel that 
more needs to be published on 
methods for profitability deter- 
mination after all the forecasts 
have been made. 

JAMES B. WEAVER 
Atlas Powder Co. 
Wilmington, Del. 
> Look for articles now in prepara- 
tion which will deal with belt con- 
veyor costs, piping costs and 
evaluation of capital investments. 
—ED. 


Pro & Con: Soft Packings 
Sir: 

Mr. Tracy’s article, “Select 
Best Pump Seal,” in your April 
issue (pp. 239-254) is one of 
the best and most comprehensive 
articles that has been published 
on the subject of mechanical 
seals. 

The only part of the article 
with which I disagree is that 
covering the use of soft packing 
(Figs. 13-16). All these designs, 
particularly the arrangement 
shown in Fig. 15, would result 
in a very short operating life 
and would require constant su- 
pervision. 

It seems to be assumed for 
the other arrangements that 
leakage must be accepted, since 
provision is made for water 
quenching. There are numerous 
cases in chemical operations 
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HOW INCREASE the 


buying power of your 
filter dollar 


Take a close look inside a Niagara Filter on the job and 


you'll see why it’s your biggest dollar’s worth. Look at 
its sturdy construction, Ask a user how long a Niagara 
Filter lasts . . . how little it costs per year. You'll find 


a Niagara lasts up to three times as long as a filter with- 


out this rugged construction and efficient design. So, 


your Niagara dollar buys more. 


Niagara FILTERS 


A DIVISION OF 


American Machine and Metals, Inc. 
Dept. CE-657, EAST MOLINE, ILLINOIS 
(Niagara Filters Europe: Kwakelpad 28, Alkmaar, Holland) 


C Send me names of Niagara users nearby. 


0 Send complete data on Niagara Filters for filtering 
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ONE 


Tolhurst 


centrifugal saves 
16 manhours a day 


A Tolhurst Batch-Master centrifugal is now processing the same 
volume of fine organics in 8 hours as 2 other centrifugals formerly 
did in 24 hours. These results, illustrated graphically, occurred in 
a leading chemical plant. 


HOURS PER DAY TO DO SAME JOB 


24 
Tolhurst 
Batch-Master 
Savings: 16 manhours a day 
(1 man ran both centrifugals) 
2 former 
centrifugals 


e 
Unloads in 30 seconds 
Tolhurst’s hydraulic unloader and bottom discharge unload the solids 
in 30 seconds. Other batch centrifugals, under identical conditions, 
take 15 minutes or more. 


UNLOADING TIME IN MINUTES 
10 15 


Batch-Master with 


hydraulic unloader 


Other batch 
centrifugal with 
manual unloading 


MAIL COUPON TODAY 


Tolhurgt CENTRIFUGALS 


A DIVISION OF 


American Machine and Metals, Inc. 


Specialists in liquid-solids separation 
Dept. CET-657, EAST MOLINE, ILLINOIS 


Send your new free 4-page Bulletin TC-14-56 giving full data on Batch-Master 
Centrifugal. 


NAME AND TITLE 


COMPANY 


ADDRESS 


ZONE STATE 


PEOPLE ... 


LETTERS: 


Con: Patent Infringement 
Sir: 

I have read your Plant Note- 
book item, “New Reflux Splitter 
Resists Corrosion,” by L. T. 
Haire and S. R. Eckhaus, as it 
appears in your December 1956 
issue (p. 220). 

The device as described in this 
article is covered by our patent 
(U. S. 2,518,574), with other 
claims pending. The authors of 
the article have conflicted with 
our interests in building such an 
apparatus without our permis- 
sion and in instructing others to 
do likewise. 

Automatic reflux splitters of 
the type described are manufac- 
tured by us and distributed on 
a nationwide basis. 

P. N. HEERE 
Distillation Engineering Co. 
Livingston, N. J. 


Not Yet, Anyway 
Sir: 

You have done an excellent 
job with the April cover and the 
article on “How to Check Equip- 
ment Quality” (pp. 261-266). 

However, there is an error in 
the biography of the author (pp. 
331-332). Mr. Veith’s title is 
chief inspector, not chief engi- 
neer, 

F. C. BREUNINGER 
E. I. du Pont de Nemours & Co. 
Wilmington, Del. 
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& CON 


CHILTON 


Better Estimating Methods 
Sir: 

Your editorial on the need for 
more cost data (April 1957, p. 3) 
was interesting, and I wish you 
luck on obtaining additional 
data. 

You say that no more is 
needed on “estimating methods.” 
I think you must refer chiefly 
to methods of fixed capital cost 
estimation, and I agree that 
enough has been written on this 
subject. This is also the chief 
area where very little recent 
data have been published on a 
correlated basis. 


However, methods of estimat- 


ing working capital and direct 
manufacturing costs (particu- 
larly their overheads) are, I 
think, neglected in the literature, 
and much more needs to be pub- 
lished on them. Also, I feel that 
more needs to be published on 
methods for profitability deter- 
mination after all the forecasts 
have been made. 

JAMES B. WEAVER 
Atlas Powder Co. 
Wilmington, Del. 
> Look for articles now in prepara- 
tion which will deal with belt con- 
veyor costs, piping costs and 
evaluation of capital investments. 
—EbD. 


Pro & Con: Soft Packings 
Sir: 

Mr. Tracy’s article, “Select 
Best Pump Seal,” in your April 
issue (pp. 239-254) is one of 
the best and most comprehensive 
articles that has been published 
on the subject of mechanical 
seals. 

The only part of the article 
with which I disagree is that 
covering the use of soft packing 
(Figs. 13-16). All these designs, 
particularly the arrangement 
shown in Fig. 15, would result 
in a very short operating life 
and would require constant su- 
pervision. 

It seems to be assumed for 
the other arrangements that 
leakage must be accepted, since 
provision is made for water 
quenching. There are numerous 
cases in chemical operations 
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HOW TO INCREASE the 


buying power of your 
filter dollar 


Take a close look inside a Niagara Filter on the job and 


you'll see why it’s your biggest dollar’s worth. Look at 
its sturdy construction. Ask a user how long a Niagara 
Filter lasts . . . how little it costs per year. You'll find 
a Niagara lasts up to three times as long as a filter with- 
out this rugged construction and efficient design. So, 


your Niagara dollar buys more. 


Niagara FILTERS 


A DIVISION OF 


American Machine and Metals, Ine. 


Dept. CE-657, EAST MOLINE, ILLINOIS | 
(Niagara Filters Europe: Kwakelpad 28, Alkmaar, Holland) 

| 

| 


C Send me names of Niagara users nearby. 
DD Send complete data on Niagara Filters for filtering 


NAME AND TITLE 


COMPANY 


ADDRESS 


ciTY ZONE STATE 


SPECIALISTS IN LIQUID SOLIDS SEPARATION 
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SINCE 1856 


over 
100 YLAR 

PROGRE 

AND 
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LUDLOW-SAYLOR WIRE CLOTH COMPANY 
613 South Newstead Avenue + St. Louis 10, Mo. 
SALES OFFICES: Birmingham, 1727 Sixth Ave., North; Chicago, 5807 W. 
Diversey; Pittsburgh, Union Trust Building; Houston, 1213 Capitol Ave.; 
Denver, 1530 Carr St.; WEST COAST: Star Wire Screen & Iron Works, 
Inc., 2515 San Fernando Rd., Los Angeles: Subsidiary, Ludlow-Saylor 
Wire Cloth Company. 


PRO & CON... 


where this would be a nuisance 
and would be undesirable. 

Although this may seem to 
imply that soft packings are gen- 
erally unsatisfactory, this is not 
my intention. Soft packing ar- 
rangements have been designed 
and are giving excellent perform- 
ance in many services for pres- 
sures of more than 5,000 psi. 
Especially in existing installa- 
tions, it is usually more conven- 
ient and much less expensive to 
adapt a well-designed soft pack- 
ing arrangement than to try to 
apply a mechanical seal. 

While Mr. Tracy has limited 
his comments to centrifugal 
pumps, good applications of soft 
packing and mechanical seals are 
often required for other equip- 
ment with rotating shafts, such 
as autoclaves, compressors and 
mixers. 

WALTER COOPEY 
Engineering Consultant 
Charleston, W. Va. 


Provincial Error 
Sir: 

I have no doubt that Edmon- 
ton, Alberta, would like to move 
to British Columbia, but this 
just could not happen. Their 
capital investment is too high. 
The fact that they can’t move 
their acreage is secondary. 

D. G. DIx 
Technical Assistance Adm. 
United Nations, N. Y. 


> We misplaced the city of Edmon- 
ton in a news item on p. 351 of our 
March issue.—ED. 


Pro: Correct Equation 
Sir: 

In your December Refresher, 
shouldn’t Eq. (2) read 

dP/P = (AH/R) (dT/T’) 

BRUNO OGSTO 

Fenn College 
Cleveland, Ohio 
Thanks to a sharp-eyed studen 


for catching this error and bring- 
ing it to our attention.—ED. 


Wrong Hometown 
Sir: 

In your Process Flowsheet on 
tetracycline (Mar. 1957, pp. 228- 
231), Bristol Laboratories is 
listed as being in Schenectady, 


instead of Syracuse. We would 
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appreciate it if you would please 
correct your records. 

P. I. BOWMAN 
Bristol Laboratories 
Syracuse, N. Y. 


Pro & Con: Gas Conductivity 
Sir: 

I have read with extreme in- 
terest the article by Wallace R. 
Gambill, “You Can Predict Gas 
Conductivity” (Apr. 1957, pp. 
277-282). 

The author has done an excel- 
lent job of bringing together the 
diversified literature. He has 
succinctly pointed out the dif- 
ferent techniques that have been 
developed for the prediction of 
gas conductivities for pure com- 


pounds as well as mixtures, in- ~ 


cluding effects from _ ideality 
based on differences in molecular 
size. 

He has also done a very good 
job in considering the deviations 
of ideality due to highly polar 
compounds, where differences in 
molecular kind occur, and in the 
treatment of such mixtures. 

I want to compliment you on 
the excellent job that Chemical 
Engineering is doing. 

B. W. GAMSON 
Borg-Warner Corp. 
Des Plaines, IIl. 


Sir: 

Mr. Gambill’s article in April 
is a fine contribution and will 
be of great value in solving the 
difficult problem of predicting 
good thermal conductivity values. 

However, in one instance Mr. 
Gambill appears to have selected 
an erroneous equation, attributed 
to Franck (Ref. 21 in the arti- 
cle), which gives the thermal 
conductivity correction for a re- 
acting gas mixture: 


DP (A (1 — a) 


J. O. Hirschfelder (“Heat 
Transfer in Chemically Reacting 
Gas Mixtures,” WIS-ONR-18, 
University of Wisconsin, 1956) 
has derived the correct expres- 
sion: 


ka = 


_ DP(AH)ta (1 — a) 
eT: 


2 
Actually, the equation attrib- 
uted to Franck was originally 
derived by Nernst in 1904. 
Nernst made the mistake of as- 
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HILCO 
OIL RECLAIMER 
purifies vacuum pump oil by con- 
tinuous recirculation, either on a 
full-flow or by-pass basis, or in- 
termittently on a batch basis, de- 


pending upon the requirements 
and physical layout of your plant. 


OIL RECLAIMER 


HILCO OIL RECLAIMER SYSTEMS are 
the finest available for VACUUM PUMP users 


A simple, economical and efficient method of restoring contaminated 
lubricating and sealing oil to the full value of new oil. HILCO Oil 
Reclaimers are used for the purification of vacuum pump oil in con- 
junction with the manufacture of transformers, condensers, capaci- 
tors, drugs, vitamin concentrates, radio tubes and light bulbs, essen- 
tial oils, optical lenses, refrigeration compressors, tilanium and many 
other products. A HILCO will produce and maintain oil free of all 
solids, sludge, acid, moisture, solvents, and dissolved gasses and re- 
store viscosity, dielectric strength and other specifications to new 
oil value. 


THERE IS A HILC 

FOR EVERY PUR- 
IFICATION JOB. 
AND EACH OFFERS 


you 
These Features! 


WRITE TODAY! For Complete Details 
Ask For Bulletin R-160 


131 WEST FOURTH ST. ELMIRA, N.Y, 
IN CANADA: Upton-Bradeen-James Ltd., 890 Yonge St., Toronto; 3464 Park Ave., Montreal 
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PRO & CON... 

LR R suming the simple diffusion 
equation to hold, which is valid 
e only for equal molal counter- 
diffusion not encountered in the id 
chemical reaction system “a 
2X m 
for which the thermal conduc- It 
tivity equation was developed. m 
In support of Hirschfelder’s re 
se theoretically exact equation, I pr 
can report agreement with my wi 
HOW TO own data presented in a paper, th 
“Heat Transfer to a Gas-Phase 1 
SOLVE Chemical Reaction,” at the recent he 
ACS meeting in Miami. co 
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Pro: Deflating the Boom 


32 Pages of Ready Reference Including: ;. 


In your Annual Review, wh 
“Population Boom Challenges 28: 
@ Factors on Pumping Problems Chemical Technology” (Jan. 
1957, pp. 211-226), it seems that 
ample P you left out all the advances, Pr 
@ Sample Problems Figured for Guidance and 
engineering, in the area of popu- 5 
@ Technical Data... Piping Charts the 
Pharmaceutical companies = 
@ Conversion Tables ... .Viscosity Tables provided several experimental vn 
materials of the nortestosterone 
type to clinicians who demon- 
Plus other information that is helpful to you strated the physiological control : 
of fertility through the oral ie 
SEND FOR YOUR PERSONAL COPY TODAY! ee sch 


reserpine was found to have an 
interesting antifertility effect in 
monkeys; this is being explored 


GEO. D. ROPER CORPORATION further. the 


uni 

456 Blackhawk Park Avenue d enc 
Rockford, Illinois independent—even of chemical C 

engineering! 

It is a pity that this report . 
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did not rise to the challenge of 
fitting progress in chemical tech- 
nology into some kind of unified 
world view so that some items 
would assume greater impor- 
tance than the others and thus 
might be given proper emphasis. 
Its title made me hope for a 
moment that this is what you 
really intended to do, but as I 
proceeded I realized that there 
was actually too little time for 
the necessary sifting and ap- 
praising process. What I was 
hoping for is a research task of 
considerable magnitude which 
could not be carried out in the 
few weeks available to you. 
One of the things that would 
certainly come out of a system- 
atic approach is the realization 
that increasing standards of per- 
formance set by the consumer 
are reflected in narrower and 
narrower specifications and in 
the substitution of known chemi- 
cal formulations for natural 
products. In every instance that 
an intuitive assertion was made 
in your Review that a certain de- 
velopment promised to be impor- 
tant, it was because it appeared 
to make a strong contribution to 
the meeting of narrow specifica- 
tions in some known operation. 
Perhaps the operations re- 
searchers will be able to quantify 
this kind of progress some day. 
R. L. MEIER 
Ann Arbor, Mich. 


>» Those interested in fitting chem- 
ical engineering developments into 
a “unified world view” will do well 
to read Dr. Meier’s recent book, 
which we reviewed in January (pp. 
289-290) —ED. 


Pro: Evaporator Control 
Sir: 

This letter is in reference to 
the article by George Weber on 
evaporator control in your Feb- 
ruary issue (pp. 248-9). 

We agree with the author’s 
statement that the boiling-point- 
rise method is not new. We have 
used exactly the same control 
scheme in commercial evapora- 
tors for at least the past ten 
years. The only difference is 
that we have usually found it 
unnecessary to purge the refer- 
ence resistance bulb with steam. 

F. C. STANDIFORD 
Consulting Chemical Engineer 
Ann Arbor, Mich. 
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Cementable TEFLON 
solves dry chemical 


Do dry powders “hang up” when they 
should be on the move, because surface 
friction in your handling equipment pre- 
vents their smooth continuous flow? 


Are corrosive materials shortening: your 
handling equipment life? 

Line it with Terton*the slipperiest 
solid material known, that is also cor- 
rosion and contamination proof. 


Cementable TEFLON is now available in 
economical thin-section tapes (down to 
.005 thickness) and in sheets up to 48” 
x 48” in size, with one side etched for 
permanent cementing to any metal, wood, 
glass, concrete, plastics or other surface. 
Readily applied with standard commer- 
cial adhesives to new or existing equip- 
ment, often eliminates need for vibrators . 
or constant manual attention. 


For further information, write for 


Bulletin AD-158. 


United States Gasket Company 
Camden 1, New Jersey 
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A Vilter 72’’x14’ vertical sub-cooler and 
de-superheater with a 42’’x12’ hori- 
zontal fixed tube sheet. 


A Vilter 84’’ diameter by 16’ long high 
shell and coil accumulator used with 
ammonia, 


Q. How would you. effiriently remove 


educes the | mesure for the 
is the ammonia liquid. This Vilter vess¢ 
perature and sub-coo's 250 psig for the tube to 63° and coo 
shell side is 150 gas per minu Jt has a 
cools 1332 pounds © fabricated 


has 500 lineal 


i] accumulator, also ar When 


iquid cooling. 

arranged for liqui 
©.D. Schedule 80 pipe CON 13 tons. 
feet of fabricated this vessel weigh® oF cooling under in 


etel: 
successfully many ced thousands of heat ex 
and 


: ing, X-ray and Zyglo- 
standar ds. automatic welding, jent pres- 
Pentrex inspection. t exchangers required for 
sure vessels and hea 
with Vilter. 


when consid 
the complete answer 
* Savings in low first we But savings in vrenance — that's 


minimum ma 


QUALITY CRAFTSMANSHIP 


that lasts.-- 


ENGINEERING DESIGN 


that guarantees performance 


CONDITIONING 


REFRIGERATION 

THE VILTER MANUFACTURING ale 

& Freon Compressors Booster Compress! 
Shell &Tube Condensers Pipe Coils 


ANY, Milwaukee 7, aoe, 
Water & Brine Coolers 
Patiee & Polarflake Ice Machines 
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PEOPLE... 


NAMES IN 


C. Andy Harwick: 


Man of the Month 


Chemico hauls retired 
Ebasco executive out of retire- 
ment to fill key post as vice 
president 


Some people don’t know when 
to retire: others don’t get the 
chance even if they want it. 

When Chemical Construction 
Corp.’s C. Andy Harwick re- 
tired from Ebasco Services, 
Inc.,* last year, he thought he’d 
do some of the things he’d al- 
ways said he’d do if only he had 
the time. Those “famous last 
words” were hardly out when 
Chemico,* under new manage- 
ment, hastily summond him 
back to the grindstone. But, 
some people rather enjoy a good 
grindstone and this must be 
true of Harwick or Electric 
Bond & Share never could have 
dragged him out of retirement 
so easily. | 
> Back in the Saddle—So, when 
we saw him the other day, he 
was huddled behind a desk 
again, scrutinizing some new 


* Both firms are subsidiaries of Elec- 
tric Bond & Share Co. 
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_M. A. GIBBONS | 
contracts. Before him was a 
pile of paperwork to be polished 
off (there was another, larger, 
a stack in back of him, by the 
window). Besides the contracts 
‘ —mostly for heavy chemicals 
plants—there was also some ad- 
vertising copy to be checked as 
well as an itinerary. (Harwick 
was about to fly to London to 
talk things over with Chemico’s 
British affiliate). 
For, in this vice presidential 
post, Harwick has—what adds 
up to—the last word on all of 
Chemico’s major operations. 
That is, it’s his job to oversee’ whatever you 
such activities as research, de- 
velopment, engineering, cost 
estimating, construction and do it b etter, faster 
purchasing. 
And, despite (or because of) 
the heap of work involved, Har- at g reater Pp rofit | ee 
wick is having the time of his 
life with his new challenge. 
>The Man for the Job—Har- with DAY : 
wick took on his present as- ; 
signment some months back, 
just after Chemico’s ownership 
was transferred from American 
Cyanamid to Electric Bond & 
ed Share. Before that—for twelve 
i years or so—he had headed up 
| Ebasco’s industrial engineering 
wad department where duties in- 
cluded the planning, design, 
on and construction of various in- 
he dustrial plants. The bulk of 
his early career was spent with 
on H. K. Ferguson Co., Cleveland. ; é 
a He started ouf; with Ferguson DAY mixers, sifters, blenders, 
es, in 1925 and held down a vice roller mills and pilot plant equip- 
e’d president's post by the time he ment are found in every major a 
al- tg Ebasco, twenty years process plant, helping produce 
we With this impressive work better products, that sell more . 
ye record in back of him, it’s little profitably. Manufacturing tech- 
re- wonder that he was singled out niques that achieve a high degree 
i. for the Chemico assignment. of efficiency allow you to pur- 
ut, Pn were other reasons, chase Day equipment economi- ; 
For cally. Lab facilities are available 
ld to have a talent for sorting out to test your product. Equipment ; 
pes the guts of any problem and for Catalog sent on request. 
nt coming up with a_ solution 
simultaneously. 
But more than that, Harwick 
se had a top-flight reputation for J. H. DAY Company 
ak handling people. Staffers at Division of The Cleveland A ic Machine Company 
Ww Ebasco say that he could es- SERVING THE PROCESS INDUSTRY SINCE 1887 
tablish close rapport with any- a, 
eo body—without much effort. 4926 BEECH STREET, CINCINNATI 12, OHIO 
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No doubt about that. 

When you meet Harwick, you 
feel at ease even before you’ve 
had time to shake hands. He’s 
relaxed and casual and makes 
you feel as though he had noth- 
ing else to do at that particular 
moment than talk to you. 
> Boosts Morale—This easy 
rapport means something to his 
staff, too. Ebasco’s Jack Lynch 
(who had worked with Harwick 
since 1935) reports that “Andy” 
became a sort of father-confes- 
sor for his assistants and co- 
workers. He used to listen to 
everybody’s troubles and, once 
in a while, staffers found them- 
selves waiting in line for their 
turn. 

Harwick was known, too, for 
his practiced knack in pointing 
out mistakes—the right way. 
Lynch recalled that at a restau- 
rant one day, he, Harwick and 
some friends had their tea 
leaves “read.” When the scat- 
tered designs in his cup were 
deciphered, Harwick was “di- 
agnosed as a very diplomatic 
boss without any tact.” Ebasco 
people agree: When Harwick 
had to correct anyone, what he 
was driving at was always per- 
fectly plain but it could never 
be taken as a personal repri- 
mand. 

And, at Chemico, Harwick al- 
ready has a reputation for 
knowing how to keep staff 
morale up on a level where it 
functions best. 

John Handy, the firm’s fi- 
nancial vice president, told us 
that “when you work closely 
with Andy Harwick, you easily 
can appreciate his way of 
bringing out the best in every- 
one around him. Through his 
humility and basic understand- 
ing of the people and problems 
of this industry, he has instilled 
confidence in the entire Chem- 
ico organization.” 

And Chemico’s manager of 
construction, B. I. Walker, sums 
up his reactions to Harwick this 
way: “It was just a case of 
how an employee found his 
boss.” 

Unaffected, always himself, 
Harwick is liked for his way of 
putting his cards on the table 
without any trace of high-rank 
smugness. 
> Travel Bug—When Andy Har- 


wick left Ebasco, he received a 
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set of traveling bags as a fare- 
well gift. Apparently, it was 
pretty obvious—at least to his 
associates—that he and Mrs. 
Harwick would soon head for 
points unknown. Where exactly, 
no one could guess: His many 
business trips and his own ex- 
cursions seem to have left few 
places unseen. Very likely, 
though, there wouldn’t have 
been any specific destination. 
On past trips, the Harwicks had 
a habit of taking off and impro- 
vising along the way. They 
stopped whenever anything 
caught their interest. 

All told, Harwick has spent 
about ten months in India and 
has even taken the globe-cir- 
cling route once. Though he’s 
enthusiastic about all of Eu- 
rope, Harwick’s raves are re- 
served exclusively for Athens 
and Rome. 

His major hobby, color pho- 
tography, ties in well with all 
of this. But his other pastime, 
gardening, is a curious con- 
trast to his wanderlust tenden- 
cies. 
> Before and After—Harwick 
was born in the Finger Lake 
district of New York State. He 
earned his bachelor’s degree in 
chemistry at the nearby Uni- 
versity of Rochester in 1913. 

Today, the Harwicks live in 
Summit, N. J. On top of his 
direct duties with Chemico, 
Harwick is also president of 
the firm’s Canadian subsidiary 
and a director of its British af- 
filiate. He holds professional 
licenses in eleven states and 
membership in the American 
Institute of Chemical Engi- 
neers. 


Donald M. Nelson, chairman of 
the board of Electronized 
Chemicals Corp., Beverly 
Hills, Calif., has received a 
Missouri Honor Award for 
distinguished service in en- 
gineering from the Uni- 
versity of Missouri. 


J. L. Galt has been named West 
Coast marketing manager for 
GE’s chemical materials de- 
partment, in Anaheim, Calif. 


Robert C. Kintner, professor of 
chemical engineering at IIli- 
nois Institute of Technology, 
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In Formaldehyde Service Like This... 


give more than 
twice the life of 
other packings 


This report was made by the 
Spencer: Chemical Co.’s Chicago Works 
on their Type 316 stainless steel 

valves handling 45% formaldehyde 
solutions with a pH as low as 3.5. 
Previous to the installation of Chemlon 
Molded Rings, packing life had been 
limited to six months. The Chemlon 
Rings have been in service over 

1 year and continue to stand up well. 


HERE AGAIN IS PROOF THAT 
CHEMLON PACKINGS ARE 

THE POSITIVE ANSWER TO 
YOUR TOUGH-TO-HANDLE 
CORROSIVE AND TOXIC LIQUID 
PROBLEMS AT TEMPERATURES 
FROM —120° TO +-500°F. 
AND WITHOUT FEAR OF 
PRODUCT CONTAMINATION. 


<> the ability of these 
. stainless steel valves ord 
Chemlon Rings to withste:d 
the formalin solution contrib- 
utes to the extremely low 
0.2 ppm. avg. iron content 
Tell us about your problems or of Spencer's formaldehyde. 


requirements. Request Bulletin P-325. 


Crane Packing Company, 6451 Oakton Street, 
Morton Grove, Illinois, (Chicago Suburb). 


In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES 


E PACKING COMPANY 


Chemlon Packings are fabri- 

cated from DuPont Teflon. Machined 
and molded types are supplied in ring form 
and are available with square or beveled 
ends or in odd shapes for special fittings. 


CRAN 
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ZR Refrigeration Serves 


Big Armour Laboratories 


Armour and Co. use “cold” in many ways in their great Pharma- 
ceutical Laboratories, recently opened near Kankakee, Ill. These uses 
include air conditioning, biological process work, cold storage, heat- 
pump service, and research. 


Temperatures can be held anywhere between —45 and +45 de- 
grees F., but usually go no lower than —10. 


Here a 2-stage Frick system of 1422 tons refrigerating capacity 
operates with efficiency and economy. Installation by Midwest Engi- 
neering and Equipment Co., Frick Sales-Representatives in Chicago. 


For that important refrigerating, air conditioning, ice making or 
quick freezing job of yours, look to dependabie Frick equipment. 
Sales-engineering and service, the world over. Let us submit estimates 
now: write, wire or phone. 


DEPENDABLE REFRIGERATION SINCE 1882 


WAYNESBORO, PE 


Four of eleven ammonia compressors furnishing refrigeration at temperatures 
down to —45°F for The Armour Laboratories, Kankakee, III. 
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Chicago, has been selected to 
give the Distinguished Fac- 
ulty Lecture of the Year for 
the Illinois Tech chapter of 
Sigma Chi. 


Ralph Ericsson has been named 
general sales manager of 
Texas Butadiene & Chemical 
Corp. 


A. J. Broggini 


Badger Manufacturing Co., 
Cambridge, Mass., has named 
A. J. Broggini, 44, as president. 

In addition to his new duties, 
Broggini will continue as chair- 
man of the executive committee. 
He’s a member of the company’s 
board of directors as well as a 
director of Belgian and Dutch 
subsidiaries. 

Broggini graduated from the 
University of Michigan in 1934 
with a degree in chemical en- 
gineering. He lives in Wellesley 
Hills, Mass. 


Harrison C. Paulus is now 
supervisor of market re- 
search, new products division, 
Minnesota Mining & Mfg. Co., 
St. Paul, Minn. 


R. Bruce Arnold and H. William 
Sterritt, both students at the 
University of Maine, have 
been named recipients of the 
J. L. Ober Award of the Scott 
Paper Co. Sterritt and Arnold 
are studying chemical and 
mechanical engineering, re- 
spectively. 


John J. Miller has been ap- 
pointed general manager of 
the alumina division of Olin 
Revere Metals Corp., in Burn- 
side, La. He had been with 
Aluminum Co. of Canada, Ltd. 
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William T. Ahlborg has been 
selected executive vice presi- 
dent and general manager of 
Denver Equipment Co. F. J. 
Griesemer has been advanced 
to assistant general manager. 


Herschel G. Harris has been 
elected president of New York 
Rubber Corp. to succeed 
Mark H. Stratton—retiring 
president. C. Bradley Allen 
has been elected executive 
vice president and a director. 


William J. Lawless has been 
promoted to division superin- 
tendent of the Smiths Bluff 
refinery of Pure Oil Co., Ned- 
erland, Tex. He has been as- 


sistant superintendent since | 


1953 and acting superintend- 
ent since last year. 


Martin D. Robbins. 


Latest addition to the Chem- 
ical Engineering masthead is 
Martin D. Robbins. 

Robbins is a graduate of 
Tufts University where he re- 
ceived a B. S. in chemistry in 
1954. Last year, he earned an 
M. S. in ceramics at MIT. 

At the Cambridge school, 
where he was a research as- 
sistant, he worked on a variety 
of problems dealing with glass 
and high temperature materi- 
als. Robbins left MIT to join 
du Pont’s electrochemicals de- 
partment as a process engineer. 

As you might expect, Rob- 
bins’ training in ceramics has 
resulted in a consuming spare 
time interest in ceramic art. In 
fact, there have been times in 
the past when his friends have 
been bombarded with his vari- 
ous works of art—Marty never 
has room for them at home. 

A healthy contrast to his 
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the 


powerful 
answer 
to your 
liquid 
handling 


problems 


~ 


INGERSOLL-RAND , 


MOTORR PUMP 


When production lags because of inadequate 
pumping facilities, you need the dependable 
power of an Ingersoll-Rand Motorpump. These 
pumps are designed for deliveries of from 5 to 
2800 gallons per minute, they operate in any 
position and being compact, save floor space 
as well! 


I-R Motorpumps are efficiently designed for 
economical performance and ruggedly con- 
structed to stay on the job with a minimum of 
maintenance. 

To get all the details on I-R Motorpumps in 
sizes from % to 75 hp, write for complete cata- 
log data. 


Ingersoll-Rand 


11 Broadway, New York 4, N. Y. © 
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SHEAR-FLOW 


artistic interests, is Marty’s 
flare for sports cars. He’s the 
proud owner of an MG. 
Though he’s managed to stay 
away for quite a bit of the last 
few years, Marty is a native of 
Brooklyn. He’s also an active 
member of the ACS and the 
American Ceramic Society. 
Counter-rotating 
e 
impellers 
produce finer, 
é e 
faster mixing ' 
Richard McGhee 
Commercial Solvents Corp. has ‘ 
named Richard M. McGhee as 
Mat chief engineer, with headquar- : 
Flow ters in Terre Haute, Ind. 
opert other makes is the counter-rotation McGhee has been associated 
——.- This feature provides positive mixing with CSC engineering activities 
pests sate for the past 14 years. Responsi- 
Two counter-rotating impellers each with four bilities have included an assign- 
equally pitched turbine blades produce an area ment as project engineer for the 
of high shear concentration. firm’s nitroparaffins production 
The impellers’ precisely adjustable clearance and facilities at the Sterlington, La., 
hydraulic shearing action results in total disper- plant. Before that time he was 
sion of the material. head of derivative operations at 
. CSC’s Terre Haute, Ind., plant. 
Variable flow patterns plus introduction or A graduate of Purdue Uni- 
limination of air is provided by an adjustable 
3 fl ; versity in chemical engineering, 
eflector plate. McGhee also holds a master’s 
from the University of Michi- 
NOW interchangeable heads gan. sf 
Quick, easy replacement of the entire mixing 
head at maintenance periods is now possible. 
with availability of extra mixing head assem- G. A. Walley has been named 
blies. The interchanging of heads is a simple chief engineer in charge of 
process requiring only a few minutes to the Panellit, Inc., manufac- 
complete a change, cutting costly down turing facilities in Alhambra, 
time to a minimum. Calif. He had been the firm’s ; 
senior project engineer. 
ter uve, production 
Precision face type seals, incorporating : : I 
powerful Alnico magnets and chemically 
inert “O” rings providing a complete and I 
shalt seal, is now vice president in 
charge of production. Chem- ; 
ical Engineer Sidney V. Smith 
Write for NEW Shear-Flow mixer brochure 564-2 is now vice president in ( 
charge of sales, retail stores : 
and merchandising. 
B special PRODUCTS Inc 
. H. Rush Spedden has been ap- 
WINDSOR LOCKS, CONN. pointed director of research : 
388 June 1957—Cuemicat ENGINEERING C 
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of Union Carbide Ore Co. He 
will be responsible for opera- 
tions at UCC’s nuclear re- 
search center in Sterling 
Forest, N. Y. Spedden has 
been in charge of the min- 
erals research department of 
the firm’s research labs in 
Niagara Falls, N. Y., since 
1952. 


A. N. Wohlwend, director of 
commercial development of 
Escambia Chemical Corp., has 
been appointed vice president 
of the firm. 


Thomas R. Steadman has been 
appointed manager of Grace 
Research & Development’s 
miscellaneous organic chem- 
icals group, in New York. For 
the past five years, Steadman 
has been associated with 
National Research in Cam- 
bridge, Mass. 


J. C. Denis is now director of 
research and deveiopment for 
Penberthy Mfg. Co., Detroit. 
Denis joined the firm in 1925. 
He is one of the pioneer de- 
signers of the modern sump 
pump. 


Julian A. Rogers 


W. R. Grace & Co.’s polymer 
chemicals divisions has ap- 
pointed Julian A. Rogers head 
of the manufacturing depart- 
ment at its high density poly- 
ethylene plant in Baton Rouge, 
La. 

Formerly, Rogers was head 
of the ammonia department of 
Grace Chemical Co. in Mem- 
phis, Tenn. Before joining 
Grace, Rogers was ammonia 
plant superintendent for Missis- 
sippi Chemical Corp. and chief 
supervisor of Hercules Pow- 
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Does caking caustic soda tie your 
process up in knots when the ther- 
mometer zooms? 


Then you have a pleasant surprise 
in store for you when you try new 
Wyandotte Flo-chilled Anhydrous 
Caustic Soda... the one anhydrous 
caustic that has good flowability all 
summer long (and, of course, in 
winter too). 


It’s made exclusively by Wyandotte 
to beat the old caustic-soda buga- 
boo of caking in hot, humid weather 
... So try it soon. Your Wyandotte 
representative or distributor will 
gladly arrange shipments to meet 
all your needs. 


Look for this label 
be SURE! 


WYANDOTTE 
wEMICA 


Weandotte CHEMICALS 


MICHIGAN ALKALI DIVISION 
WYANDOTTE CHEMICALS CORPORATION, WYANDOTTE, MICHIGAN - Offices in Principal Cities 
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Falls Industries is first again... 
with Comprehensive Data for 
Cost Estimation of Impervious 
Graphite Processing Equipment 


This 32 page report presents costs and equipment specifications 
on all the standard impervious graphite processing equipment 
produced by Falls Industries. Equipment is illustrated with 
drawings, diagrams or photographs. Costs are tabulated in dollars 
per square foot of heat transfer surface, or other convenient unit. 


Also covered in this report are the famous IMPERVITE im- 
pervious graphite Rupture Disk, and the IMPERVITE CROSS- 
BORE heat exchanger—the most recent exclusive developments 
of Falls Industries. 

The following unsolicited comments are typical of the 

many received: 

“This is exactly the type of information we like to get 

with costs included.” 

“It presents the most comprehensive picture of equipment 

data issued on the subject.” 


Follow the responsible leader- 
ship of Falls Industries for 
practical development of €ARLS INDUSTRIES INC. 

PHONE: CHurchill 8-5357 


better processing equipment, 
and greater service. TELETYPE: SOLON 0-720 


FALLS INDUSTRIES, INC. 
31915 Aurora Road * Solon, Ohio 


Gentlemen: Send me a copy of your “DATA FOR COST ESTIMA- 
TION” Bulletin No. 249. 


Name Title 
Company 
Address 
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der’s ammonia plant in Her- 
cules, Calif. 

Rogers attended Peabody Col- 
lege and Southern Methodist 
University. He is a member of 
the AIChE and the Armed 
Forces Chemical Assn. 


Walter F. Rogers 


Chief chemist of Gulf Oil’s 
Houston production division 
chemical unit—Walter F. Rog- 
ers—has received the Willis 
Rodney Whitney Award of the 
National Association of Cor- 
rosion Engineers. 

Rogers, a founding father of 
the organization, is the tenth 
man to receive the award, given 
annually for contributions to 
the world’s knowledge of cor- 
rosion control. 

Born in Tyler, Tex., Rogers 
joined Gulf Oil in his native 
state, at the Port Arthur refin- 
ery, as a chemical engineer. He 
studied chemical engineering at 
the University of Pittsburgh 
where he earned a B. S. as well 
as a professional degree. 


Harold J. Rose has been ap- 
pointed assistant general 
manager of Esso Standard 
Oil’s chemical products de- 
partment, New York. 


Ethyl Corp., New York has an- 
nounced these promotions: 
W. Burke Grandjean to super- 
intendent of business infor- 
mation, Merle Gould to as- 
sistant director in process 
development, J. B. Bingman 
to acting supervisor in pro- 
cess design. 


E. W. Carey has been elected 
vice president of Fibreboard 
Paper Products Corp., San 
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Francisco. He had been with 
U. S. Gypsum. 


Melvin A. Hanson has been ap- 
pointed chief engineer of the 
Magnus Metal division of 
National Lead Co., in Chi- 
cago. 


Gilbert Brown and Janet Lee 
Watkins, former nuclear en- 
gineers with Combustion En- 
gineering and GE _ respec- 
tively, have joined General 
Nuclear Engineering Corp., 
Dunedin, Fla. 


Miller W. Swaney 


Recently appointed coordi- 
nator of chemicals and lube oil 
processes for Esso Research & 
Engineering Co. is Miller W. 
Swaney. 

Formerly, Swaney had been 
director of the products research 
division. His first assignment 
with Esso was in 1939 as a re- 
search chemist. During the War, 
he was a member of the U. S. 
Government’s rubber reserve 
polymer research committee. 

The new research chemicals 
chief was born in Gallatin, Tenn. 
He earned his degree in chem- 
ical engineering at Nashville’s 
Vanderbilt University. 


T. J. O’Connell of the Macklin 
Co., Jackson, Mich., has been 
elected national chairman of 
the newly formed American 
Society for Abrasives, Read- 
ing, Pa. 


John A. King has been ap- 
pointed director of research 
for Armour & Co., Chicago, 
Ill. 


Harry E. Knox, Jr. has been ap- 
pointed general works man- 
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By proper selection of Pure Red Iron Oxide 
pigments and extenders, pigment-volume ratio can be 

increased, fading and color losses retarded, and 
general durability improved. 


Exposure tests on our fences as long as 7 years 
clearly indicate the improvement in performance 
which can be obtained through revised 
compositions. You may have reviewed these test 
panels at the recent Paint Industries Show. 


Your Williams representative will be glad to 
talk with you about house and barn 
paint formulations. Why not see him? 


C.. WILLIAMS & & co. “Easton, Pa Pa. East St. Louis, Ill. « 


391 


FORMULATIONS 
e 
e 
COLORS & PIGMENTS 

XUM 


\ 


R/M PACKINGS 


solve your difficult sealing problems 


If corrosive liquids or extreme tem- 
peratures are causing you packing 
failures and contamination problems, 
you want R/M “Teflon” packings. 

Chemically inert, R/M “Teflon” 
cannot be attacked by any known in- 
dustrial acid, caustic or solvent. It 
withstands temperatures from —450° 
to 500°F. 

R/M offers you the advantages of 
this unique resin in a complete line of 
solid, braided and plastic “Teflon” 
packings for all types of chemical and 
solvent service. R/M “Teflon” pack- 
ings far outlast conventional materials, 


cutting your maintenance costs and 
reducing downtime. They will not con- 
taminate any piped liquid. 

Also available are R/M “Teflon” 
couplings; and “Teflon” bellows-type 
expansion joints with integrally gas- 
keted flanges and special limit bolts. 


Send for a booklet on 
R/M “Teflon” packings 
telling about pure ‘‘Tef- 
lon” types, ‘Teflon’’-im- 
pregnated asbestos, and 
other combinations. In- 
cludes data on R/M “Tef- 
lon” ring and envelope 
gaskets. 


R/M MAKES A COMPLETE LINE OF MECHANICAL PACKINGS— including Vee-Flex, Vee-Square, 
Universal Plastic, and ‘“‘versi-pak’’®; GASKET MATERIALS, “TEFLON’’* PRODUCTS. SEE YOUR R/M DISTRIBUTOR. 


*A Du Pont trade-mark 


PACKINGS 


RAYBESTOS-MANHATTAN, INC. 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET 


MATERIALS 


FACTORIES: Passaic, N.J.; Bridgeport, Conn.; Manheim, Pa.; Neenah, Wis.; No. Charleston, S.C.; Crawfordsville, Ind.; 


Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Mechanical Packings ¢ Asbestos Textiles « Industrial Rubber « Engineered Plastics 
Sintered Metal Products « Abrasive and Diamond Wheels ¢ Rubber Covered Equipment e Brake Linings ¢ Brake Blocks 
Clutch Facings « Industrial Adhesives ¢ Bowling Balls Laundry Pads and Covers 
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ager in charge of Acheson 


Dispersed Pigments Co.’s 
plants in Philadelphia, 
Orange, Tex., and Xenia, 
Ohio. 


John E. Yocom has been ap- 
pointed director of technical 
services for the Bay Area 
Air Pollution Control Dis- 
trict, with headquarters in 
San Francisco. 


Erich Schleser has been made 
chief plant engineer and R. T, 
Romans chief process engi- 
neer of Amoco Chemical 
Corp., in Texas City, Tex. 


Emil Mazzarella has been pro- 
moted to supervisor in gen- 
eral application, paper tech- 
nical group, National Starch 
Products, Inc. 


Robert W. Krebs 


Esso Research & Engineering 
Co. has named Robert W. Krebs 
as director of its chemicals re- 
search division. Till now, Krebs 
had been associate director of 
the Baton Rouge, La., Esso Re- 
search Laboratories. 

The new division chief joined 
the Baton Rouge laboratories in 
19387 after receiving his doc- 
torate in chemical engineering 
from the University of Illinois. 
He advanced to assistant di- 
rector of the laboratories in 
1947 and to associate director 
in 1954. 

Krebs made major contribu- 
tions to the development of 
fluid catalytic cracking, butyl 
synthetic rubber, hydrocarbon 
synthesis and the fluid coking 
process. 

He is a past president of the 
Louisiana Ornithological So- 


ciety. 
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William P. Orr 


Celanese Corp. of America 
has appointed William P. Orr 
assistant general manager of 
the plastics division. 

Formerly, served as 
plant manager of the new Cel- 
anese polyolefin plastic plant in 
Houston, Tex. He originally | 
joined the firm in 1945 as a 
chemical engineer in process 
operations at the Bishop, Tex., 
chemical plant. In 1952, he be- 
came assistant to the manager 
of the chemical division’s plant 
operations and, two years ago, 
he was appointed project man- 
ager of that division. 

In late 1955, Orr was trans- 
ferred to the firm’s plastics di- 
vision to serve as project man- 
ager for the design, engineering 
and construction of the Hous- 
ton plant. Last year, he be- 
came plant manager. 


A. J. Williamson been 
named president of Tube Re- 
ducing Corp., Wallington, 
N. J. 


John F. Babbitt has just been 
appointed a sales engineer in 
Chemical Construction Co.’s 
New York office. 


Arthur C. Ellsworth, Jr., has 
been appointed special proj- 
ects engineer for Columbia- 
Southern Chemical Corp. 
Formerly, Ellsworth was as- 
sistant director of develop- 
ment for the firm’s chemical 
producing plant at Natrium. 
W. Va. 


J. C. Wright, resins group 
leader in process develop- 
ment at Carbide & Carbon 
Chemicals Co., has been pro- 
moted to the post of as- 
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LINE IN 


STAINLESS 


STAINLESS STEEL PIPE FITTINGS 


Camco specializes in the manufacture of stainless 
steel pipe fittings and this specialization has resulted in 
a quality product at no premium in price. 


SCREWED 
FLANGED 
WELDING 


One source for all your Stainless Steel Fitting Requirements 


CAMCO Products, Inc., 445 State Street 


FILL IN AND 
MAIL TODAY — 


FREE / 


North Hoeven, Conn. 
Gentlemen: Please Send — 


(1 Catalog covering complete line 
(0 Flange Dimensional Slide Rule 
(0 Furnish address of area distributor 


' Name 
~ Address 
«City State 
vid 
PRODUCTS, INC. 445 STATE STREET 


NORTH HAVEN, CONN. 
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information on newly 
sistant fume 
handling 


Here is important 
developed corrosion re 
ducts and fume hoods for the 


of vapors 


from virtually any chemical. 


We have proudly 


named the new material 


DURACOR 


m specially compounded 


icated fro 
bined with 


thermo-setting plastics which are com 


glass and other synthetic fibers, 
tanks and process equipmen 
almost any shape. Chemical resistance, 


th, easy workability as well as 
features. 


attractive 
streng 
appearance are only some of the 


Duracor shapes can have tensil 


15,000 psi and flexural strengt 
Duracor is chemically inert throughout its 
thickness. Linings for int 


exteriors are completely eliminated. 


Why not write toda 


uiry and will give it immedi 


welcome your ing 
attention. Send your request to 
c., 4836 Ridge Road, Cleveland 9, 


The Ceilcot 
Company, In 


DURACOR is another develop 


Duracor hoods, ducts, 


t can be supplied in’ 
lightweight, 


e strength up to 
h up to 30,000 psi. 


eriors and coatings for 


y and get complete details. We 


ate 


e 
Ohio. 


ment of CEILCOTE ! 
1522-CC 


NAMES . . . 


sistant to the product genera] 
manager for vinyl resins in 
New York. 


James E. Iliff 


Davidson-Kennedy Associates 
Co. has appointed James E. Iliff 
as vice president-general man- 
ager. In his new assignment, 
Tliff will direct the Chicago of- 
fice of the engineer-contractor 
firm, 

Formerly, Iliff was chief proc- 
ess engineer of the Blaw-Knox 
Co., chemical plants division, 
midwest headquarters. While at 
Blaw-Knox, he organized the 
chemical process engineering de- 
partment and pioneered that 
company’s entrance into the de- 
sign and construction of ferti- 
lizer plants. 

Iliff studied chemical engineer- 
ing at Iowa State College. 


Francis O. Rice, head of the de- 
partment of chemistry at 
Catholic University of Amer- 
ica, received the 1957 Hille- 
brand Award of the ACS for 
a “notable contribution to 
chemistry.” 


William L. Root, 3rd, has joined 
Bethlehem Foundry & Ma- 
chine Co. as chemical process 
equipment sales representa- 
tive. 


Graham C. Mees has been ap- 
pointed president of Distil- 
lation Products Industries, 
division of Eastman Kodak 
Co., Rochester. 


Desmond M. C. Reilly has been 
named manager of technical 
information for Food Ma- 
chinery & Chemical Corp.’s 


organic chemicals division. 
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Guy C. Quick, Jr., has been 
named field superintendent 
for the construction of Chem- 
strand Ltd.’s new Acrilan 
acrylic fiber plant in Coler- 
aine, No. Ireland. 


E. Justin Wilson, Jr., has been 
appointed research director 
for Detroit Controls Corp., 
Redwood City, Calif. 


OBITUARIES 


Carlton W. Crumb 


Dorr-Oliver’s director of tech- 
nical data—Carlton W. Crumb— 
passed away after a brief ill- 
ness, on April 6, in Stamford, 
Conn. 

Crumb had been with the Con- 
necticut firm for nearly thirty 
years. In fact, he joined Dorr- 
Oliver immediately after earn- 
ing his degree in chemical engi- 
neering at the University of 
Michigan, in 1928. Over the 
years, he served in various sales 
promotion and development posi- 
tions until he took on his latest 
post in October 1955. 

Our editors and readers re- 
member Crumb, in particular, 
for the fine help he gave us in 
preparing the 64-page report on 
solids-liquids separation (Chem- 
ical Engineering, June 1955). 
Crumb served as adviser for the 
26-page section on filtration and 
furnished us with a large num- 
ber of illustrations. 

Crumb was a native of Bain- 
bridge, N. Y. 


Gunter H. Gloss, supervisor of 
inorganic chemical research 
for International Minerals & 
Chemical Corp. died sud- 
denly, February 24, at his 
home in Mundelein, IIl., after 
a heart attack. 
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PROCESSING EQUIPMENT 
PRECISION wine UP STAINLESS STEEL 
Two-thirds dacketed cwst 
Kettle—80 to 300 gal. Vecum Pan 
— 
Ve 
Pulp Tank Tank 
ess Two-thirds Jecketed 500102000 gal, 
METAL PRUUUUIS UU., ING 
en 7 PINE PHILIPSBU PA. 
ever 26 years. 
XUM 


} 


1:45 P.M. 


How to obtain more process steam with 
minimum time loss is built right into 
many companies’ expansion plans. 
That’s the way it was with Foster Grant 
Co., Inc., of Baton Rouge, La., a major 
styrene plastic manufacturer. 

Back in ’53, engineers of Foster 
Grant’s petrochemical division set down 
the first two Bros Packaged Boilers. 
These went on the line, providing steam 
for the manufacture of FosTa® styrene 
products and FOSTARENE® polystyrene. 
In the plastic boom, more steam was 
needed, so another BROS unit was in- 
stalled and, recently, two more. The 
timed transfer of one of them from flat- 
car-to-trailer-to-foundation took but six 
hours. 


POWER DIVISION 


(formerly Wm. Bros Boiler & Mfg. Co.) 
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BROS Incorporated 


How Foster Grant Co., Inc. 
Added More Steam in 6 Hours 


10:12 A.M. 


With the addition of a sixth BROS 
boiler this spring, these units operated 
in series will provide a total steam capac- 
ity of 180,000 lbs. per hour. Each unit’s 
design pressure is 600 Ibs. 

Because of the flexibility of packaged 
boilers operating in multiples, you ex- 
ercise close control over steam require- 
ments, keeping fuel costs down. Also 
varying load conditions are easily ac- 
commodated. 

Design features, fast installation and 
operating economy make the BROS 
Packaged Boiler the logical choice in 
your expansion plans. Capacities range 
from 8,000 to 50,000 lbs: of steam per 
hour. Gas or oil fired or combination. 
Choice of manual, semi or fully auto- 
matic controls. 


Write today for the 
new, factful BROS 
Packaged Boiler Cat- 
alog WT-10; no obli- 
gation, of course. 


1057 TENTH AVE. S. E. » MINNEAPOLIS 14, MINN. 


PEOPLE... 


FIRMS IN 


NEW LINES 


Carbide & Carbon Chemicals 
Co., will enter fluorocarbons 
field with a 50-million Ib./yr. 
unit at its Institute, W. Va., 
plant. On-stream date is 
slated for late 1958. 


Delhi-Taylor Oil Corp. will be- 
gin marketing benzene, tolu- 
ene and xylene about mid- 
year. New venture, along 
with minerals exploration, 
will call for $15-million ex- 
penditure. 


Dravo Corp., Pittsburgh, Pa., 
has been licensed by Carl 
Schenck Co., Darmstadt, Ger- 
many, to make Schenck de- 
signed vibrating feeders, 
screens and conveyors in U.S. 


Davison Chemical Co., is mak- 
ing available to refiners an 
alkylated phenol as an anti- 
oxidant for gasolines and 
other petroleum derivatives. 
Tradenamed “Dav-ad 101”, 
chemical is 2, 6-ditertiary- 
butly-4 methylphenol. 


Schwarz Laboratories, Inc., 
Mount Vernon, N. Y., has 
announced that many of its 
radiochemicals are available 
in solution form, with specific 
activities 10 to 100 times 
higher than standard 
crystalline preparations. 


Olin Mathieson’s industrial 
chemicals div. is offering two 
new lube-oil additives, Oma- 
vis 10 and 20, for viscosity- 
index improvement. 


Abbott Laboratories, North Chi- 
cago, Ill., within the next few 
months will market a new 
ethical-drug tranquilizer, 
Harmonyl, an alkaloid of 
rauwolfia canescens. 


Pfister Chemical Works, Ridge- 
field, N. J., will soon be 
marketing new lines of or- 
ganic intermediates, includ- 
ing primary amines, nitro 


oA 
4 


compounds, chlorinated com- 


pounds, carboxylic acids and 
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J. B. BACON. 


acid chlorides, sulfonic acids, 
hydroxy and alkoxy com- 
pounds. 


NEW NAMES 


Universal Atomics Corp., West- 
bury, Long Island, N. Y., has 
changed its name to Univer- 
sal Transistor Products Corp. 
Electronic and nucleonic in- 
struments division becomes 
Universal Atomics Div. of 
UTP, 


Bros Inc., is the new name of 
Wm. Bros Boiler & Mfg. Co., 
Minneapolis, Minn., maker of 
industrial steel-plate fabrica- 
tions. 


American Cyanamid has an- 
nounced a change in name of 
its mineral dressing depart- 
ment to Mining Chemicals 
Dept. 


A. J. Griner Co., Kansas City, 
Mo., lab-equipment supplier, 
has adopted the name of its 
parent company, Chicago Ap- 
paratus Co. 


Raymond Laboratories, _Inc., 
subsidiary of Rayette, Inc., 
has changed its name to Ray- 
ette Inc., Chemical Div. 


Columbia-National Corp. is the 
new name of NRC Metals 
Corp. 


NEW FACILITIES 


W. R. Grace & Co. is building 
a plant at Irwin, Tenn., to, 
produce uranium, thorium 
and rare-earth alloys and 
metals for nuclear reactors. 
Installation will include sol- 
vent-extraction unit, reduc- 
tion unit and a metal and 
casting plant. 


Surface Combustion Corp., To- 
ledo, Ohio, is building 24 fur- 
nace units for Erie Mining 
Co.’s $300-million taconite 
project at Hoyt Lakes, Minn. 
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Throughout the cl hemical industry... 


“GAUGES 


assure precise process measurement 


Higher accuracy .. . longer service life... greater resistance 
to pulsation, corrosion—these ever increasing demands by 
the chemical industry have led to higher standards in instru- 
ment design and manufacture. 

USG’s Research Laboratory has done and is doing much to 
further these standards. Gauge materials and designs are 
under constant test. Extreme process conditions are simulated 
to assure accuracy and safety under the worst operating 
conditions. 

These tests annually save USG customers hundreds of 
thousands of dollars through precise measurement, less down- 
time and less frequent gauge replacements. See the “Yellow 
Pages” of your phone book to find the name of your USG 
Distributor. Get complete details on USG’s famous Super- 
gauge®, the Solfrunt® (Solid Front) Gauge for maximum safety, 
the Diaphragm Receiver Gauge and the Pressure Pilot—all 
designed to give the optimum in process efficiency . . . or write 
to the factory for catalogs of each. 


Home of the SUPERGAUGE Seloreville, Pa. 


TATES GAUGE 


Division of American Machine and Metals, Inc. 


MORE THAN 50,000 TYPES OF GAUGES » SUPERGAUGES » SOLIDFRONTGAUGES « RECEIVERGAUGES « TEST 
GAUGES RECORDERS CONTROLLERS TRANSMITTERS PSYCHROMETERS » AVIATION INSTRUMENTS 
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when HEAT or CORROSION ada to 


Your Pressure Piping Problems . . . 


Protect Pipe Joints with... 54 


FORGED STAINLESS or | & 
ALLOY STEEL FITTINGS. 


IN CORROSIVE SERVICE your pipe joints take a beating—fluid 
velocity and turbulence accelerate corrosion wherever there 
is a change in direction of flow. 


AT HIGH TEMPERATURES structural changes in the metal can _ 
cause loss of strength and subsequent failure. 


Those are good reasons for “playing it safe” in high pres- 
sure service with W-S Forged Stainless or Alloy Steel Pipe 
Fittings. W-S Stainless Fittings resist corrosion in a wide 
variety of process liquids and gases and high temperature 
steam. Available in Types 304, 316 and 304 L. 


W-S Alloy Steel Fittings resist oxidation and graphitization 
Be and retain their high strength in high pressure—high tempera- 
cea ture steam lines. Three alloys available—1%4% Chrome-%% 

ne Molybdenum and 2%% Chrome-1% Molybdenum and 4-6% 
Chrome-%% Molybdenum. 


W-S Forged Stainless and Alloy Steel 
Fittings can be obtained in Screw-End 
Type for 2,000 Ib., 3,000 Ib., and 6,000 Ib. 
WOG service; Socket-Welding Type for 
Schedules 40, 80, 160 and Double-Extra 
Heavy Pipe. Send today for bulletin S-1-55. 


Write to W-S Fittings Division, H. K. Porter 
Company, Inc., P.O. Box 95, Roselle, N. J. 


FIRMS... 


Surface has acquired exclu- 
sive rights to license Erie’s 
iron-ore pelletizing process 
and equipment. 


Shell Oil Co. has scheduled 
mid-1958 as on-stream date 
for its Fluor-Corp.-built, 
2,400-bbl./day sulfuric acid 
alkylation unit at its Ana- 
cortes, Wash., refinery. Con- 
struction begins this October. 


American Cyanamid’s industrial 
chemicals division this year 
will install a calcining unit 
at Bauxite, Ariz., to treat ore 
for making aluminum sulfate 
at its nine domestic plants. 


Dow Chemical Co. has bought 
a 50% interest in Sales y 
Alealis, S. A., a Mexican Cor- 
poration which owns exten- 
sive salt-mining rights on the 
Isthmus of Tehuantepec. Dow 
acquired rights to manufac- 
ture caustic soda, chlorine 
and related products. 


Cabot Carbon Co., subsidiary 
of Godfrey L. Cabot, Inc., will 
build a silicon oxide pigment 
plant at Tuscola, Ill. Process 
used will be vapor-phase hy- 
drolysis of silicon  tetra- 
chloride. 


Esso Research & Engineering 
has announced plans for a 
large technical computing 
center at Linden, N. J. Cen- 
ter will include an IBM 704 
computer, one of two (In- 
diana Standard has one at 
Whiting) in the whole oil in- 
dustry. 


Societe Ugilor has begun mak- 
ing hydrocyanic acid, acetone 
cyanohydrin and acrylonitrile 
in its new plant at Saint- 
Avold in the Moselle, will be 
making acrylic and metha- 
crylic esters by early 1958. 


Shell Oil Co. of Canada will 
build Canada’s first epoxy 
resin plant near the com- 
pany’s Montreal East chem- 
ical plant. Cost of project 
will be $1 million. 


Commercial Solvents Corp. 
stockholders have approved 
the merger of CSC with 
Thermatomic Carbon Co. 
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Olin Mathieson Chemical 
Corp.’s new more-than-$750,- 
000 sodium silicofluoride 
plant at Pasadena, Tex., is 
now in full operation. 


Reichhold Chemicals, Inc., has 
begun producing formalde- 
hyde at its new Tacoma, 
Wash., plant. Present ca- 
pacity is 20 million lbs./yr. 
(See p. 146 for some details 
of Reichhold formaldehyde 
process.) 


Shell Chemical Corp. has just 
completed a new unit at its 
Denver, Colo., plant to pro- 
duce methyl parathion, an 
organic phosphate insecticide. 


Stauffer Chemical Co. has com- 
pleted a major office expan- 
sion at Omaha, Neb., to ac- 
commodate larger sales and 
manufacturing staffs. 


Parke, Davis & Co. will erect 
a one-story building at Menlo 
Park, Cal., to house company 
operations for northern Cal., 
western Nev. and Hawaii. 


Standard Oil Co. (Ohio) has 
started construction on new 
$40-million refinery facilities 
at Toledo, Ohio. New facili- 
ties will boost refinery ca- 
pacity from 30,000 to 60,000 
bbl./day. 


British American Oil Co. has 
announced plans for a multi- 
million-dollar, 20,000-bbl./day 
refinery at Port Moody, B. C. 
Refinery is scheduled for 
completion in 1958. 


Air Reduction Sales Co. will 
build an air _ liquefaction 
plant at Acton, Mass., costing 
over $9 million. Plant will be 
completed in summer, 1958. 


Central Farmers Fertilizer Co., 
Chicago, will build units at 
Georgetown, Idaho, to process 
phosphate rock and calcium 
metaphosphate. Rock unit is 
slated to be on stream in late 
1957; metaphosphate unit, in 
1958. 


Merichem Co., subsidiary of 
Jefferson Lake Sulphur Co., 
is doubling capacity of its 
cresylic acid plant, boosting 
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hot air ducting 


cuts heat loss 
up to 57% 


OUTSIDE JACKET 
pd SURFACE TEMPERATURE 
(SINGLE JACKET) 235°F. 
é 


INSIDE AIR 
TEMPERATURE 
450°F. 


Synthetic fabric jacket and silicone 
tube retain temperatures from 
upstream to downstream end 


Made in continuous lengths up to 50’, 
this new Quaker hose easily withstands 
temperatures as high as +450°F; as low 
as -80°F. 

As the above diagram shows, the hose 
‘keeps heat loss—and therefore energy loss 
—to a minimum. (Comparable outside 
temperature of ordinary hot air ducting 
material, such as stainless steel, would be 
about 400° F.). Both the silicone tube and 
the synthetic fabric jacket of Quaker’s new 
hose hold the heat! 

Other advantages? The hose is light- 


weight and fully flexible. And it resists 
abrasion. 

Available in either single or double 
jacket, the hose comes in 1’’ to I.D.’s. 
Sizes 1’ and 1%’’ I.D. can be made in 30° 
continuous lengths; 1%’’ to 4”’ I.D. in 50’ 
lengths. The hose takes regular expansion 
and shank hose couplings. 


Want more information? Write to: 
H.K. Porter Company, Inc. Quaker Rubber 
Division, Philadelphia 24, Pa. or Quaker 
Pioneer Rubber Division, Pittsburg, Cal. 


QUAKER RUBBER DIVISION 
HKP QUAKER PIONEER RUBBER DIVISION 
- K. PORTER COMPANY, INC. 
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Pipe, fittings and linings 
of Lead cost much less, 
give better protection 


Federated lead products are the most economical and asaniae 
protection against acids and caustics. 

They are less expensive to use because the metal has a high re- 
sale value as scrap. 


They are more efficient because lead is self-healing. Scratch it 
in the presence of many acids and a protective coating immediately 
re-forms. There is no focal point at which corrosion can set in. 


Lead is easy to work. It is pliable and can be shaped as required. 
And it is readily available at moderate cost. 


Federated produces chemical lead in sheets made to your speci- 
fications. Pipes, bends, traps and other standard fittings are 
available from stock. Special forms can be fabricated to order. 


We shall be pleased to send you additional information. Call us 
or mail us a postal card. 


Miia 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway * New York 5, N.Y. 
In Canada: Federated Metals Canada Ltd., Toronto and Montreal 
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FIRMS... 


it to about 2.5 million gals./ 
yr. 


Phillips Pacific Chemical Co, 
has started production at its 
200-ton/day Coulee ammonia 
plant in southeastern Wash. 


Chemstrand Corp. is scheduling 
a 50% expansion of capacity 
at its acrylic fiber plant at 
Decatur, IIl., boosting output 
from 30 million to 45 million 
lbs./yr. 


Foremost Food & Chemical 
Co.’s El Dorado Div., Oak- 
land, Cal., has more than dou- 
bled its coconut-oil fatty acid 
and methy] ester capacity. 


Gulf Oil Corp. has acquired a 
minority interest (surmised, 
by some observers, to be 
25%) in Callery Chemical 
Co., through a stock purchase. 


Texas Portland Cement Co. has 
started operations at its new 
cement plant at Orange, Tex. 
Enginered by Kennedy-Van 
Saun, plant has an initial ca- 
pacity of over 700,000 bbls./ 
yr. of high-grade Portland 
cement. 


Iraq Development Board has 
scheduled Basrah fertilizer 
plant’s on-stream date for 
1960. The 250,000-ton/yr. 
plant will cost about 8.5 mil- 
lion Iraqi dinar ($23.8 mil- 
lion). Swiss firm, Ammonia 
Casale, will act as engineer- 
ing consultant. 


Du Pont Co. late this year will 
complete a new production 
unit at its East Chicago, Ind., 
plant to manufacture  sul- 
famic acid and Ammate weed 
killer. New unit will double 
output of both products. 


Gonzalez Chemical Industries, 
new Puerto Rican firm with 
heavy U. S. private financing, 
has started up its 40,000-ton/ 
yr., $124-million anhydrous 
ammonia plant in Guanica, 
on Puerto Rico’s south coast. 
Unit will use Texaco synthe- 
sis-gas process. 


Monsanto Chemical Co. has 
completed a 60% expansion 
in phthalic anhydride capac- 
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Law ence Medium and low 
ity at its Everett, Mass.,  - Pressure. Pump. for Liquid 


plant. 


Electric Steel Foundry Co. has 
purchased a _ 22-million-volt 
Betatron for metallurgical 
laboratory work at its Port- Lawrence High Pressured 
land, Ore., plant to comple- Multi-Stage Pump for liquid 
ment its 220,000-volt X-ray ‘ie Oxygen 
and cobalt-60 radiographic 
facilities. 


Fisons Ltd., has started work 
on a new $5.6-million ferti- 
lizer plant at Bamford, near 
Ipswich in Suffolk, England. 
Plant will turn out more than 
60,000 tons/yr. of fertilizer. 


Atlantic Research Corp., Alex- 
andria, Va., has acquired U.S. - 
Flare Corp. & Associates. 
Both companies have been 
active in the rocket and mis- 
sile field. 


San Francisco Chemical Co., 
Montpelier, Idaho, is begin- 
ning work on 360 acres of 
phosphate leases in the Swan 
Lake, Idaho, district. High- 
grade phosphate will be strip 
mined and sent to market. 
Low-grade rock will either be ers 
marketed or sent to Leefe, 

iD Ox 


Wyo., for beneficiation. to handle LIQU YGEN and 
R. J. Strasenburgh Co., phar- oth er LIQUEFIED GASES 


maceutical manufacturer 
plans to build a $1-million 


building near Rochester, N. Y. Lawrence Pumps Inc. has developed a special line of pumps for 
to house research and manu- handling liquid oxygen, liquid nitrogen and other gases which can be 
facturing facilities. liquified only at very low temperatures. 
Because of the abnormal behavior of materials and liquids at 
Polymer Chemicals Div., W. R. extreme low temperature several of the following features are in- 
Grace & Co., has officially corporated in these pumps: 


opened its main offices and 


laboratories in Clifton, N. J. 1. Vertical top suction construction to prevent gas binding 


when the NPSH drops below the safe level, due either 


Carrier Corp. has concluded an to drop in suction pressure, or rise in temperature of 


agreement with Elliott Co. the liquid. 

whereby the latter will be ti 2. The packing box does not come in contact with the 
merged into Carrier. Elliott sn oe renee ae liquid, only with the blanket of gas in the pipe column. 
3. The packing box is fitted with a mechanical seal which 
pert and process has been developed especially for this exacting service. 
equipment. ga 2 | 4. The design has been carefully developed and the 


materials selected to eliminate any troubles due to 
Physical Institute of Munich Write for differences in expansion and to prevent galling 
University will acquire a nu- bulletin 203-7 between running parts. 


clear research pile, larger 
LAWRENCE PUMPS INC. 


cobalt-radiation apparatus 
371 Market Street, Lawrence, Mass. 


and an electron gun. 


Mobil Overseas Oil Co. will be 
one of a group of companies 
to build a 65,000-bbl./day re- 
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BARBER New Series 8000 


COLMAN: Muilti-point Recorders 


Feature Easy Reading, 


king all components — 

Series ‘8000 multi-point 
recorder is demonstrated 
below. Cover of recorder 
mechanism removed to 
show construction. 


Permanent recording of as many as 16 points on one chart — 
at standard recording speeds ranging from 3 to 24 inches per 
hour — is readily obtained on Wheelco Series 8000 multi-point 
recorders. Thermocouples, radiation detectors, and other sensing 
devices that resolve the measured variable into an electrical signal 
all work equally well with the new recorders. 


Mi Additional features include: up to six limit switches for high 
and/or low signal indication, single or multi-color printing, and 
fast cross-chart speed. Call your nearby Wheelco field engineer 
today for Bulletin F-7955, or to discuss how these multi-point 
recorders can improve your processing. 


BARBER-COLMAN COMPANY 
Dept. R, 1585 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. R, Toronto and Montreal, Canada 


Industrial Instruments © Automatic Controls © Air Distribution Products ° Aircraft 
Controls © Electrical Components * Small Motors * Overdoors and Operators 
Molded Products * Metal Cutting Tools © Machine Tools °* Textile Machinery 
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FIRMS. . . 


finery in Turkey. Other com- 
panies: Caltex, Shell, British 
Petroleum. Total cost will be 
$48 million, when refinery 
goes on stream in 1960. 


Sifrance, Paris, France, will 
build a plant at Nogent 
L’Artaud (Aisne) on the 
Marne River, to manufacture 
sodium meta- sesqui- and 
orthosilicates via Cowles 
Chemical Co. process. 


Carbide & Carbon Chemicals 
Co. has doubled ethanola- 
mines capacity at its Sea- 
drift, Tex., plant. 


Olin Mathieson Chemical Corp. 
has spent $8 million to boost 
chlorine-caustic output at 
McIntosh, Ala., to 250 tons/ 
day of chlorine and 280 tons/ 
day of caustic soda. 


Naugatuck Chemical Div. of 
U. S. Rubber Co. has upped 
production of Paracril syn- 
thetic rubber by 60% at its 
Baton Rouge, La., plant. 


Cal-Mex Oil & Refining Co., 
subdivision of Vereinigte Pe- 
troleum Werke of West Ger- 
many has let to Ralph M. 
Parsons Co. a $27-million en- 
gineering contract for a 20,- 
000-bbi./day refinery, prob- 
ably in South Bay area of San 
Diego. Tentative completion 
date: early 1959. 


Archer - Daniels- Midland Co. 
has purchased soy-protein 
business and facilities at 
Evendale, Ohio, from the 
Drackett Co., Cincinnati. 


Escambia Chemical Corp. is 
building a 50,000-sq. ft. re- 
search and development cen- 
ter at Wilton, Conn. Center 
is scheduled for occupancy 
early in 1958. 


Volunteer Portland Cement Co. 
has begun a $435,000 expan- 
sion program at its Knoxville, 
Tenn., plant, which will in- 
crease capacity by 30-40%. 


Rhodesia Wattle Co. has started 
tannin production in the first 
of its extraction plants near 
Melsetter in the Federation 
of Rhodesia and Nyasaland. 
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When the two other rising 
plants go on stream, output 
will be 8,000 tons/yr., valued 
(at current prices) at $2.5 
million. 


Vickers Petroleum Co. is build- 
ing a $2-million petrochem- 
ical plant at its Potwin, Kan., 
refinery. On-stream date: 
January 1958. 


Champion Paper & Fibre Co. 
will build a $2.5-million chem- 
ical recovery smelter and 
precipitator at its Pasadena, 
Tex., plant. 


Dow Chemical Co.’s Texas div. 
will boost its synthetic glyc- 


erine capacity to double pres-. 


ent output by March 1958, by 
adding a unit which will use 
the Dow-developed process 
involving propylene and chlo- 
rine as starting materials. 


Linde Air Products is building 
an acetylene plant at Mon- 
tague, Mich. 


NEW LOCATIONS 


Hagan Chemicals & Controls, 
Inc., will move its headquar- 
ters offices and research cen- 
ter from downtown Pitts- 
burgh, Pa., to a 27-acre site 
on Penn-Lincoln Pkwy. West, 
10 miles from the downtown 
area. 


Emulsol Chemical Corp., manu- 
facturer of surface-active 
agents, has moved sales and 
administrative offices to 75 E. 
Wacker Dr., Chicago, III. 


NEW COMPANIES 


Chemstrand Corp. has reached 
agreement with Societa Edi- 
son of Milan, Italy, to manu- 
facture acrylic fibers in that 
country by a newly formed 
subsidiary of Societa Edison. 
Chemstrand will be minority 
stockholder. 


Air Products, Inc., has formed 
a subsidiary, British Air 
Products, to make low-tem- 
perature equipment and in- 
dustrial gases in the United 
Kingdom, British Common- 


not “what price 
PUMP NX 


The cost of a Deming Vertical Turbine 
Pump is small in comparison with the 
savings on costs of water it accumulates 


year after year. 


In many plants, located in areas of high 
municipal water rates, Deming Vertical 
Turbine Pumps have paid for their cost in 
a year or less, 


“It Pays to Check!” 


Check up on your costs of water. Then 
consult a Deming Distributor (or write us 
if you don’t know his location). He can 
help you to get the facts . . . facts on 
whether you can make worthwhile savings 
by installing one or more Deming Vertical 
Turbine Pumps. More and more companies 
are following that suggestion. It’s one 
reason why more Deming Vertical Turbine 
Pumps are being installed in your industry 
year after year. 


Write for illustrated BULLETIN 
4700 which explains the many 
cost-saving features and ad- 
vantages of Deming Vertical 
Turbine Pumps. 


THE DEMING COMPANY « 525 Broadway « Salem, Ohio 
om 
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You Can Place a Single Purchase Order With Glitsch for 


Bubble Trays ame 
Pressure Yessels 


The chances are you use Glitsch “Truss-Type”® trays and 
Glitsch caps and risers; why not get the many other advan- 
tages of a Glitsch “package unit”? You save time and money 
and you have a more efficient operation when you place a 
single purchase order for both the vessel and the internals. 
You get “single engineering responsibility,” too. 

Glitsch “package units” can be furnished for any process 
requirement. Any tray size, any layout and type of flow, or 
aily special downcomers, weirs, wells, risers, and bubble caps. 


Complete Glitsch towers — built to the customer’s process — 


specifications — include the many engineering advantages of 
Glitsch “Truss-Type”® bubble trays, cap and riser assemblies, 
and all ladders, platforms, walkways, etc. 

Calling in a Glitsch man at the earliest possible stages is 
one way you can be sure that regardless of the process, your 
project will be expertly engineered and fabricated according 
to all code requirements . . . at competitive prices . . . and 
with a quality of workmanship that is unexcelled by any other 
plant in the industry. * Fritz W. Glitsch and Sons, Inc., Dallas. 
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wealth and Europe. Subsidi- 
ary is now building a large- 
tonnage oxygen plant at 
Corby in Lincolnshire. 


Ink Masters, Inc., Chicago, IIl., 
has been formed to manufac- 
ture printing and lithographic 
inks. 


Firth Sterling (Canada), fi- 
nanced jointly by Firth Sterl- 
ing, Inc., and Canadian inter- 
ests, has been formed to 
produce sintered tungsten 
carbide tips for rock bits. 
New company is now building 
a plant at Brantford, Ont. 


Glenn Chemical Co., newly or- 
ganized firm in Chicago, IIl., 
will make Tabutrex, a new 
insect repellent. 


Emery Industries, Inc., Cleve- 
land, Ohio, has formed Emery 
Industries (Canada), a wholly 
owned subsidiary, to make 
fatty acids for Canadian mar- 
ket. New firm has acquired 
fatty-acid facilities of S. F. 
Lawrason & Co., London, Ont. 


C. W. Reed Co., Los Angeles, 
has been formed to offer sales 
and service representation on 
the West Coast for technical 
equipment manufacturers. 
Firm will handle wide line of 
nuclear products. 


NEW REPRESENTATIVES 


N. S. Wilson & Sons, Boston, 
Mass., has been named by 
Arizona Chemical Co., as dis- 
tributor of Acintol tall-oil 
chemicals in Me. N. H., 
Mass., Vt. and R. I. 


C. G. Sargent’s Sons Corp., 
Granitesville, Mass., maker 
of industrial dryers and tex- 
tile machinery, has appointed 
L. A. Mitchell, Ltd., Man- 
chester, England, to build 
Sargent-designed equipment 
for distribution in England 
and Europe. 


Fischer & Porter Co., Hatboro, 


Your nearest Glitsch repre- 
sentative can give you illustrated 5 
literature and complete details on this 
and other Glitsch equipment, 
products, and services, 


Pa., has been appointed by 
Gilbert & Barker Mfg. Co., 
West Springfield, Mass., as 
sales agent for the Gilbarco 
electronic tank gauge. 
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For more information on the 
coverage, services or rates of 
CE’s Classified Section, con- 
tact the McGraw-Hill office 
nearest you or write to Classi- 
fied Adv. Div., Chemical Engi- 
neering, P. O. Box 12, New 
York 36, N. Y. 3 


Chemical Engineering 


Classified | Section | 


PROFESSIONAL SERVICES ................ 486 


Consultants can save you time and money through 
their specialized skills. Here they offer technical, eco- 
nomic, management and other professional services. 


With nation-wide coverage, this section brings you a 
roundup of today’s big opportunities in management, 
engineering, sales, production . . . the whole field. 


EQUIPMENT SEARCHLIGHT ............... 492 


Each month you'll find used, resale and rental bar- 
gains in this section. It’s the most complete listing of 
its kind in the chemical processing field. 
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LASSIFIED..._ 


and money through their specialized skills, wide experience, 


PROFESSIONAL SERVICES 


Consult these specialists and let them save you time 


and detached engineering and economic advice. 


JAMES P. O’DONNELL 


Consulting Engineer 
Chemical and Petro-Chemical Industries 


BEAUMONT NEW YORK TULSA 
Texas New York Oklahoma 


PATCHEN AND ZIMMERMAN 
ENGINEERS 


Chemical, Process, and Industrial Plants 
Investigations —- Reports — Design — Supervision 
Anniston, Ala. 


Augusta, Ga. Atlanta, Ga. 


R. S. ARIES & ASSOCIATES 
Consultants to the Chemical Industries 
Design & Initial Op of Plants 

Analysis — Market Research 
COMPLETE TECHNICAL & ECONOMIC SERVICES 
270 Park Ave. EL 5-1430 New York 17, N. Y. 


KNOWLES ASSOCIATES 


Oh Mosh 


Consultation — Design 


19 Rector Street ew York 6, New York 


Bowling Green" 913456 


PILOT ENGINEERING COMPANY 
RESEARCH & DEVELOPMENT 
From idea through pilot plant 
DESIGN 
Process — Equipment — Complete plants 
PRODUCTION 
Supervision — Trouble shooting 
Improvements — By-product recovery 


P. 0. Box 54 Brooklyn 5, N. Y. 


W. L. BADGER 


CONSULTING CHEMICAL ENGINEER 
Evaporation, Crystalization, and Heat Transfer; 
Complete plants for salt and caustic soda; Complete 
Dowtherm installations. 


309 South State Street Ann Arbor, Mich. 


THE KULJIAN CORPORATION 


Consultants @ Engineers @ Constructors 


Chemical ¢ Industrial ¢ Process 


1200 N. Broad St. Phila. 21, Pa. 
Offices Throughout the World 


SANDERSON & PORTER 
ENGINEERS 


DESIGN 
CONSTRUCTION 


New York New York 


CARTER & NANSEN CO., INC. 
DISTILLATION—ABSORPTION 
Plants—Process—Equi 


New York 1, N. Y. 


420 Lexington Avenue 


R. B. MACMULLIN 
ASSOCIATES 


Chemical and Electrochemical Plants 
Complete Process and Project Engineering 


Guidance 


Economic 
10 Hancock Bldg. Niagara Falls, N. Y. 


J. E. SIRRINE COMPANY 
Engineers 


Plant Design & Surveys covering Chemicals, Elec- 

trochemical and Metallurgical Production; 

Waste Disposal; Water Supply & Treatm: 
Analyses & Reports. 8. 


Greenville South Carolina 


CARL DEMRICK 


Technical Translations 
Send for Circular 


53 So. Broadway Yonkers, N. Y. 


CHAS. T. MAIN, INC. 
Engineers 


Industrial Plants 
Reports Design Construction Supervision 
80 Federal Street Boston 10, Mass. 
317 So. Tryon Street Charlotte, North Carolina 


THE J. G. WHITE 
ENGINEERING CORPORATION 


Design - Construction - Reports - Appraisals 
80 Broad Street, New York 4 


D. Q. KERN ASSOCIATES 
Thermal Procees Technology 
A Supporting Staff of Fit 
Ave., 3, 0. 


METCALF & EDDY 


Engineers 
Industrial Waste Treatment 
Water Supply and Water Purification 
Stream Pollution Investigations 


Laboratory 


Statler Bldg. Boston 16 


WALTER KIDDE CONSTRUCTORS, 
INC. 
ENGINSERS - BUILDERS 
Chemical—Process—Paper 


New York City 


Houston, Tex. Baton Rouge, La. 


The C. W. NOFSINGER COMPANY 


“In Engineering, 
It’s the PEOPLE that Count’ 


Engineers and Contractors for the Petroleum 
and Chemical Industries 


906 Grand Ave. ° Kansas City 6, Missouri 


THE REAL VALUE 


of placing your unusual problem in 
the hands of a competent consult- 
ant is that it eliminates the ele- 
ments of chance and uncertainty 
from the problem and provides real 
facts upon which to base decisions. 


THE 


CONSULTING 


ENGINEER 


‘By reason of special training, wide experience and tested ability, coupled 


with professional integrity, the consulting engineer brings to his 


client detached engineering and economic advice that rises above local limi- 


tations and encompasses the availability of all modern developments in the 


fields where he practices as an expert. His services, which do not replace 


but supplement and broaden those of regularly employed personnel, are 


justified on the ground that he saves his client more than he costs him.” 


486 


June 1957—Cuemicat ENGINEERING 


and 


thr 


ete: Complete Plants — Equipment 
Heavy Chemical—Ore Dressing 
REP. 
NI 
= 
ence 
at b 
proc 
from 
field 
priv 
with 
prof 
stitt 
Sale 
tron 
on 
need 
held 
held 
Eng! 
Sale 
spec 
ters 
sout 
leng 
an 
plic: 
peri 
edge 
ferr 
expt 
all 
Assi 
Birn 
Tray 
tion 
che! 
stru 
of $ 
tion 
Euc 
t 


LASSIFIED ... 


MPLOYM 


CE’s nation-wide coverage brings you each month tips 
and information on current opportunities in job functions 


throughout the chemical process industries. 


>» Coverage — National. Execu- to the usual agency commission. 
tive, management, engineering, » Undisplayed Rates—$1.80 per 
technical, sales, office, skilled. line, 3 lines minimum. To figure 
Positions vacant, positions advance payment count 5 aver- 
wanted, civil service, selling op- age words as a line; box number 
portunities, employment agen- counts as 1 line. 10% discount if 
cies and services, labor bureaus. full payment is made in advance 
> Displayed Rates—$38 per inch for 4 consecutive insertions. Not 
for all ads except on a contract subject to agency commission. 
basis: contract rates on request. Closing Date—July issue 
An advertising inch is measured closes June 8rd. Send new ads 
% in. vertically on a column; 3 to Chemical Engineering, P. O. 
columns, 30 in. per page. Subject Box 12, New York 36, N. Y. 


REPLIES (Bow No.): Address to office nearest you Selary $10,000 Per Year. 
c/o This publication Classified Adv. Div. men are ma- 
on autom le 
NEW YORK: P. O. Bow 12 (36) Previous cxperionce in following flelds helptut: 
CHICAGO: 520 N. Michigan Ave. (11) rye Metal 
SAN FRANCISCO: 68 Post St. (4) Gomeany Cllent 
LOS ANGELES: 1125 W. 6th 8t. (17) Gian eee 
MONARCH PERSONNEL 
28 E. JACKSON CHICAGO, ILLINOIS 


TITANIUM METALS 
CORPORATION 


AMERICA 


Opening for SENIOR PROJECT 
ENGINEER created by an- 
nounced expansion of com- 
pany’s production facilities at 
Henderson, Nevada, (located 11 
miles east of Las Vegas, 
Nevada). 


B.S. or M.S. in Chemical Engineering with 
minimum of 5 years experience in chemical 
process design or construction field. 

Responsible for chemical equipment design 
and selection; construction scheduling; 
liaison between engineering, production 
and construction forces; approving design 
by contracior’s engineering ips; and 
— field acceptance of comp! instal- 

ns. 


Processes are production of titanium tetra- 
chloride and titanium sponge, but previous 
experience with these processes is not 
necessary. 

Salary commensurate with ability, experi- 
ence, and education. 


Send resumes to: 


INDUSTRIAL RELATIONS DEPARTMENT 
TITANIUM METALS CORP. OF AMERICA 


P. O. BOX 2128 
HENDERSON, NEVADA 


POSITIONS VACANT 


Chemical Engineers. With 0 to 5 years experi- 

ate, jatoreated in research ant development SEE CHEMSTRAND’S AD on 

at bo aboratory and pilot plant levels on 

processes having to do with sulphur recovery Page 429 of THIS MAGAZINE 

from SOz bearing gases. Also work in general Positi ‘ 

of Fubilontion ositions available for 

privileges, benefits. alary commensurate 

with experience. An excellent opportunity for 

professional growth at prominent research in- ENGINEERS 

stitution. Send full details in first letter. (Ch emical, Mechanical Metallurgi 


P-5033, Chemical Engineering. 4 

Seles Engineer: Expanding New Jersey cera- cal, Textile, Industrial, Instrument 
mic manufacturer of products used in the elec- and Civil) and 
on its sales staff. o selling experience 

needed. Write marital status, details of edu- CHEMISTS 
cation, experience and salary desired. Replies 
held in strict confidence. P-5037, Chemical (Organic, Physical, Analytical—in- 


oe strumental and Wet Method, Textile 


Sales Engineer, manufacturers’ agency * 
specializing in process equipment, headquar- Chemists.) 


ters in Birmingham and operating over seven A . 
southeastern states. Full time travel. Salary, Write to Technical Personnel Department 
expenses, and share in profits. A tough, chal- THE 


an ambitious, capable man. Successful ap- 

plicant must be graduate engineer. Sales ex- CHEMSTRAN D 
perience highly desirable and a broad knowl- CORPORA 

edge of chemical processing is required. Pre- TION 


ferred age 30-35. With initial letter send full . Decatur, Alabama 
experience, references, age, marital status and 


- and pulp improvement afford excellent 


VISCOSE CHEMIST 


A leading producer of chemical cel- 
lulose has an opening for a research 
chemist with experience in the fields of 
viscose preparation and/or spinning. 
Fundamental studies in pulp processing 


opportunity for imaginative researcher. 


This is a well-established and expanding 
company with attractive employee ben- 
efits including an outstanding profit 
sharing plan. 


Send complete resume of education and 
experience to: 


P-5054, Chemical Engineering, 
520 N. Michigan Ave., Chicago 11, Il. 


all pertinent data. Reply to: D. B. Gooch 
Associates, Inc., 5018 First Avenue, No., 


Birmingham 6, Alabama. 


Traveling Sales Manager Wanted by organiza- DEVELOPMENT ENGINEERS 
tion expanding on national basis. Graduate 


chemist, proven sales record in analytical in- 
tional Spectographic Laboratories, Inc., 6300 tunity for Chemical and Mechanical Engineers with 
Euclid Avenue, Cleveland, Ohio—UTah a leading midwest plastics manufacturer. Work 
1-4664. consists of plant process improvements, efficienoy, 
qaulity, and equipment evaluation studies on exist- 
ing and future plant processes. Experience desire 
Don’t forget the able, but not necessary. Excellent opportunity for 

advancement. Salary commensurate with experl- 


BOX NUMBER ence and ability. All inquiries will be held con- 


When answering the classified advertise- fidenial. Midwest location. Submit detailed 
ments in this magazine don’t forget to put resume indicating salary requirements to 

the box number on your envelope. It’s our P-4920 

only means of identifying the advertise- 4920, Chemical Engineering 
ment you ane 520 N. Michigan Ave., Chicago 11, Il, 


CHEMICAL ENGINEER 


Medium sized organic chemical plant— 
metropolitan New York area—Process develop- 
ment, plant design, pilot plant operation and 
production trouble shooting. 


Excellent opportunity for diversified experience 
and future growth. 


Some experience desirable but not necessary. 
Give complete details of training and expe- 
rience. 


P-4824, Chemical Engineering. 
Class Adv, Div., P. O. Box 12, N. Y. 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


CHEMICAL & MECHANICAL ENGINEERS 


are offered opportunity to advance 
professionally in diversified growth company 


30 H 1 H Hi 
CH, on AIR PRODUCTS 
O2 5 a 
ARar, = 
LIQUEFACTION Z 


H, He co 1948 1957 
LOW TEMPERATURE PROCESSING 


The Company is the leader in the engineering, design, manufacture and 
construction of plants and systems for the separation of gases such as 
Oxygen, Nitrogen, Carbon Monoxide, Hydrogen and other low boiling 
building blocks of the chemical industry. We must expand the entire 
organization to meet the increasing demands of the steel, metallurgical 
and chemical industries, and for national defense. 


Selected Assignments 


@ PROCESS DESIGN ENGINEERS 
@ RESEARCH & DEVELOPMENT ENGINEERS 
@ PROJECT ENGINEERS 
@ ESTIMATING & ECONOMIC EVALUATION ENGINEERS 
@ MECHANICAL ENGINEERS 
@ DESIGN ENGINEERS 
@ CONSTRUCTION ENGINEERS 
@ FIELD OPERATIONS MANAGER 
@ OPERATING SUPERINTENDENT 
@ MANUFACTURING & PROCESS ENGINEER 
@ SALES ENGINEERS 
AIR PRODUCTS, INC., situated in Eastern Pennsylvania at the foothills of the 
lovely Pocono Mountains, with ready access to three fine universities as well 
as other cultural and recreational facilities, offers you... . 
1. High professional salary scale. 
2. Company paid advanced educational program. 
3. Unusual medical and life insurance program. 
4. Bonus and profit sharing opportunities. 
5. Fine retirement plan. 


At AIR PRODUCTS you will work with 
recognized leaders in the industry. 


Send resume in confidence to Mr. E. J. Strobel 


Air Products 


INCORPORATED 
P.O. Box 538 Allentown, Pa. 


LOW-TEMPERATURE PROCESSING 


EXCELLENT OPPORTUNITY exists for aggressive individual interested in a chal- 
lenging career with an expanding Research and Development Department of a large 
eae of insulation blanket and board, cushion padding materials, and non-woven 
abrics, 


Salary commensurate with education and experience. 


PROCESS DEVELOPMENT ENGINEER 

Excellent leadership and growth opportunity for top quality BS or MS chemical or 
mechanical engineer in process engineering phases of development work involving use 
of organic and inorganic fibers as basic raw materials of structural insulating and 
cushioning fiber products, Experience of 8-10 years required which has included super- 
vision of others in carrying projects from initial stages through to commercialization. 
Initiative, drive, thoroughness, and understanding of basic engineering fundamentals 
important qualifications. 


Applicants should submit a complete resume of personal data, educational background, 
work experience, and references to: 


DEVELOPMENT DEPARTMENT, WOOD CONVERSION COMPANY, Cloquet, Minnesota 


POSITION VACANT 


Chemical Engineers, Metallurgical Engineers, 
Chemists, excellent opportunities for young 
men as Process Engineering Super-Visors at 
Metallurgical Plant in Cuba operated by Lead- 
ing Industrial Company. [Experience in 
Process Operation or Process Development in 
Heavy Chemicals or Non-Ferrous Metals pre- 
ferred. Benefits include: liberazi vacation, low 
taxes, paid moving expenses, low rent, spon- 
sored American grade school, modern medical 
facilities. Submit detailed resume indicating 
salary requirements to: Manager, Nickel 
Processing Corporation, 111 Broadway, New 
York 6, New York. 


SELLING OPPORTUNITIES OFFERED 


Manufacturer of Heat-Transfer apparatus & 
pressure vessels requires additional sales 
representation in East. Contracts in Chemi- 
cal Plants. Marine, oil refineries and power 
plants desirable. RW-1952, Chemical Engi- 
neering. 


Established Manufacturers’ Sales Representa- 
tives wanted by reputable manufacturer whose 
patented product is used in construction of 
sewage disposal plants, waterworks, pumping 
stations, refineries, etc. RW-4851, Chemical 
Engineering. 


EMPLOYMENT SERVICES 


Salaried Personnel $5,000-$35,000. This 
Confidential service established 1920, is 
geared to needs of high grade men who seek 
a change of connection, under conditions 
assuring, if employed, full protection to 
present position. Send name and address only 
for details. Personal consultation invited. 
Jira Thayer Jennings, Dept. L. P.O. Box 674, 
Manchester, Vermont. 


Better Positions——-$6000 to $50,000. Want a 
substantial salary increase, more opportunity 
or different location? This national 47 year 
old service connects you with best openings. 
You pay us only nominal fee for negotiations; 
this we refund when employer pays placement 
fee. Present position protected. In complete 
confidence, write for particulars. R. W. Bixby, 
Inc., 553 Brisbane Bldg., Buffalo 3, N. Y. 


POSITIONS WANTED 


Industrial Sales Mer. Process equipment, 
graduate engineer, 34; 13 years sound experi- 
ence. Prefer N. Y. area. PW-5091, Chemical 
Engineering. 


Chemical Engineer, age 30, 4 years continuous 
Pilot Plant experience with new Production 
Plant Start-Up experience in organic chemi- 
cals. Last salary $7035 p.a. as GS-11 in 
government. Some Petroleum experience. 
Grad. ’51 at Univ. of Fla. Grad. extension 
courses at Univ. of Del. & Univ. of Md. Equiva- 
lent to approx. 6 yrs, college. Desire position 
as Chem. Engr. in Pilot Plant or Prod. Plant 
at Equiv. salary to state June 1, 1957. PW- 
5097, Chemical Engineering. 


YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Making replacements? 


Naturally, you are anxious to secure the 
most suitable man or men available. You 
want men with the special training that 
wiil make them an asset to your organiza- 
tion. You can contact such men through 
an advertisement in this Employment Op- 
portunities Section of CHEMICAL ENGI- 
NEERING. 


Classified Advertising Division 


CHEMICAL ENGINEERING 


P. O. Box 12 New York 36, N. Y. 
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DU PONT now orrtrs 


SIX CAREER POSITIONS OF CHALLENGE AND RESPONSIBILITY 
FOR SPECIALIZED CHEMICAL ENGINEERS 


The Engineering Service Division of du Pont’s Engineering Department provides 
consulting service and technical assistance to production, maintenance, design, research, 
and construction groups within the company. The Division’s objectives are to assist 
other company units in improving plant efficiency and product quality, in reducing 
investment and operating costs, and in increasing capacity. 


Six openings are immediately available for experienced graduate engineers to pro- 
vide consulting service to operating plants in the following specialized chemical engi- 


neering fields: 


PETROCHEMICAL ENGINEER 


Successful applicant will analyze existing and pro- 
posed chemical processes for utilization of petroleum 
processing equipment and methods for obtaining 
greater yield and lower equipment investment, par- 
ticularly with respect to hydrocarbon processes, 
Typical operations to be evaluated include solid 
fluidization, abso:ption, reforming, and catalysis. 
This requires broad familiarity with equipment such 
as hypersorbers, distillation columns, cracking 
furnaces, low temperature refrigeration systems, and 
compressors. Other duties include trouble-shooting 
and economic evaluation of alternative processes and 
equipment. 


REFRIGERATION ENGINEER 


Minimum BS/ME or equivalent. At least 5 years’ 
experience in design and analysis of process cooling 
and air conditioning refrigeration «ystems, particu- 
larly in testing and performance analysis of com- 
pressors, drives, controls and heat exchangers. 
Duties include consulting for Engineering and Plant 
Operations on analysis, testing and development of 
refrigeration systems, Engineer will maintain liaison 
with Company and outside personnel, Travel to 
plant and other locations required. Must be 
articulate in speech and writing and be able to 
perform technical and economic analyses with 
minimum supervision. Should have personal traits 
to fit him for consulting, liaison and supervision, 
potentially in prominent position. 


EMPLOYMENT OPPORTUNITIES 


PRE-DESIGN ANALYSIS 


Duties are: assistance in the preparation and analy- 
sis of basic information for design of operating units 
and supporting facilities in order to obtain optimum 
performance with minimum investment and operat- 
ing costs; preparation of flow sheets; evaluation of 
process alternatives; selection and approximate siz- 
ing of equipment; and establishment of heat and 
material balances. Position requires five or more 
years of experience in equipment selection, economic 
evaluation of processes, and development of infor- 
mation for design of industrial facilities. 


PLASTICS ENGINEER 


BS engineering or chemistry, minimum, 5-10 years’ 
experience in plastics engineering for process equip- 
ment and auxiliary services. Duties include consult- 
ing services covering development, evaluation, selec- 
tion, specification and fabrication of plastics for 
chemical process equipment and auxiliaries; in- 
vestigations of failures and recommendations of 
remedial measures, 


WATER ENGINEER 


BS in Ch.E or ME plus minimum of 10 years’ experi- 
ence in industrial water treatment: boiler feed, cool- 
ing water; ion exchange, supply procurement, boiler 
cleaning and inspection. Must have complete famili- 
arity with boiler feed conditioning and waterside in- 
spection. Experience in design of water treatment 
processes and power equipment helpful. Up to 3 
years’ in water supply procurement acceptable as 
partial substitute. Duties cover consulting and aid 
to Company plant, design and construction engineer- 
ing personnel. Engineer should be mature, person- 
able, articulate in speech and writing, able to assume 
responsibility in the field and coordinate activities of 
others. Must be free to travel. 


REG. U.S. PAT. OFF. 


Better Things for Better Living 


«eefhrough Chemistry 


MATHEMATICIAN 
for Operations Analysis 


Duties include: mathematical formulation of com- 
plex engineering and scientific problems in form 
amenable to numerical analysis; non-linear regres- 
sion anslysis of production data, using theoretical 
knowledge of chemical and engineering mechanism 
to select form of production equations; and develop- 
ment of applied metho#s to handle new industrial 
problems in matrix mathematics, numerical analy- 
sis, etc., being created by the availability of large 
scale digital computers, Operations are on a com- 
pany-wide basis. Desired qualifications: a PhD or 
equivalent in mathematics or physical science with 
demonstrated interest in and experience with 
numerical analysis or machine computation. 


SAN FRANCISCO INTERVIEWS 
Tues—Wed—Thurs—Fri June 11-12-13-14 
To arrange an appointment with our technical representative, please 


call 
Mr. K. S. Marlin, Jr. EXbrook 2-7755 


Or you may send complete resume, including details of 
education and experience to: 


Mr. K. S. Marlin, Jr., Engineering Department 
E. |. du Pont de Nemours & Co., Inc. 


Wilmington 98, Delaware 
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EMPLOYMENT OPPORTUNITIES 


Career 
Chemical 
Engineers 


You can find at Procter & Gamble the full utilization of your abili- 
ties and training that you've been looking for. 

. If you've been out of college up to 10 years, if you're interested in 
the management of design or construction, you'll want to know more 
about the combination of challenging opportunities plus lifetime secur- 
ity that P & G has to offer you. 

You'll want to know more about the Company that 

© Has been named by AIM as the best managed of all companies 
in the nation. 

@ Has tripled its sales since 1946. 

@ Has spent more than 30 million dollars on new company construc- 
tion in the last year. 


For a personal resume application 
and brochure of detailed information 
about Procter & Gamble write to- 


day to: 
Mr. J. E. Gale 
Engineering Division, B-4 
Procter & Gamble 
Cincinnati 17, Ohio 


BOSTON, 16 


490 


EXPERIENCED ENGINEERS 


PROGRESSIVE COMPANY, world’s largest producer of ferro- 
alloys and alloying metals, has a number of 


CHALLENGING OPPORTUNITIES for mechanical, civil, electrical 
and chemical engineers with experience in 


GENERAL PLANT DESIGN AND LAYOUT 
NEW PLANT DEVELOPMENT AND SERVICE 
ESTIMATING FOR PLANT CONSTRUCTION 

CONSTRUCTION SUPERVISION 


POSITIONS ARE PERMANENT and result from the expansion of 
our Engineering and Construction Department, required to keep 
abreast of continued Company growth. 


EXCELLENT SALARIES, commensurate with related experience, 
preferably in the metallurgical or chemical industry. 


RELOCATION PAID—LIBERAL COMPANY BENEFITS— 
ADVANCEMENT OPPORTUNITY 


Send resume and salary requirements to Mr. W. W. Lake, Administrator of Recruiting. 


ELECTRO METALLURGICAL COMPANY 


UNION 
CARBIDE 


Division of Union Carbide Corporation 


Niagara Falls, New York 


FOR RATES 
INFORMATION 


About Classified Advertising 


Contact 


THE McGRAW-HILL 
OFFICE NEAREST rOU 


ATLANTA, 3 
1301 Rhodes-Haverty Bldg. 
JAckson 3-6951 


R. POWELL 


350 Park Square 
HUbbard 2-7160 


CHICAGO, 11 
520 No. Michigan Ave. 
MOhawk 4-5800 
W. HIGGENS 
J. BRENNAN 


CINCINNATI, 37 
Swifton Village, Apt. 2—1825 York- 
town Ave. 
REdwood 1-3238 
G. MILLER 


CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
W. SULLIVAN 


DALLAS, 15 
Vaughn Building 
Riverside 7-5117 
G. JONES 
E. SCHIRMER 


DETROIT, 26 
856 Penobscot Bldg. 
WOodward 2-1793 
W. STONE 


LOS ANGELES, 17 
1125 W. 6 St. 
MAdison 6-9351 
P. CARBERRY 
D. McMILLAN 


NEW YORK, 36 
500 Fifth Ave. 
OXford 5-5959 
R. LAWLESS 
S. HENRY 
D. COSTER 


PHILADELPHIA, 3 
7th & Sansom St. 
Rittenhouse 6-0670 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
W. HIGGENS 


SAN FRANCISCO, 4 
68 Post St. 
DOuglas 2-4600 
W. WOOLSTON 
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EMPLOYMENT OPPORTUNITIES 


TITANIUM METALS 
CORPORATION 
of AMERICA 


FIRST IN TITANIUM 
Announces immediate openings for: 


DEVELOPMENT ENGINEERS 
PROCESS CHEMISTS 
PROCESS ENGINEERS 
PROJECT ENGINEERS 
RESEARCH CHEMISTS 
RESEARCH ENGINEERS 


TMCA is interested in men with de- 
grees in Chemical, Metallurgical, Me- 
chanical, Electrical, and Civil Engineering, 
Chemistry and Physics, to fill vacancies 
created by the expansion of titanium pro- 
duction facilities. 

Opportunities in analytical development, 
quality control, process design, equip- 
ment design, process research, metallur- 
gical research, and pilot plant operation. 

Unlimited future, in this new and con- 
stantly expanding industry, for men with 
0-10 years experience. 

Salaries for these positions will be com- 
mensurate with ability, experience, and 
education. 


Please send resumes to: 


INDUSTRIAL RELATIONS DEPARTMENT 
TITANIUM METALS CORPORATION 
OF AMERICA 


P. O. BOX 2128 
HENDERSON, NEVADA 


To EMPLOYERS who 
advertise for MEN: 


When there are many applicants for a 
single position it frequenily happens 
that the only letters acknowledged are 
those of the most promising candidates. 
Others may not receive any indication 
that their letters have even been re- 
ceived by a prospective employer 
much: less given consideration. These 
men often become discouraged, will not 
respond to~future advertisements, and 
sometimes question their bona fide 
character. 


Every advertisement printed in the 
Employment Opportunities Section is 
duly authorized. 


It will help to keep our readers inter- 
ested in this advertising if you wll ac- 
knowledge every application received, 
even if you merely return the letters of 
unsuccessful applicants with, ‘Position 
filled thank you” written or stamped on 
them. j 


We suggest this in a spirit of coopera- 
tion between employers and the men 
replying to Employment advertisements. 


Classified Advertising Division 


McGraw-Hill Publishing Co., Inc. 


CuHEMIcAL FNGINEERING—June 1957 


Vou wouldutt gamble where 
COKE. LS COULELMALL, 
would you 


Instead of “leaving it to chance,” you would 
put the “I” in investigation! So...if interested 
in the Science of Tomorrow: 


ATOMIC ENERGY 


‘sit, dawn us\tor thé facts. 
Meantime, understand that 


National Lead Co. of Ohio is the newest plant of its 
type processing uranium ores into nuclear reactor 
fuel elements . . . National Lead Co. operates the 
Atomic Energy Commission’s Nuclear Feed Mate- 
rials Production Center. 


. possesses modern technical equipment and 


2) keeps abreast of latest scientific discoveries week 


by week. 


... probably has something for you! 


‘Current Chemists e Chemical Engineering 
Opportunity Metallurgists @ Metallurgical Engineering 


Openings Ceramists Physicists 
pen 
cS get that letter in the mail... 


REMINDER: and get the facts! 


Dept. J-107 


NATIONAL LE AD COMPANY 


pxio 
CONTRACT” OPERATOR 


Fernald Atomic Energy Commission Projec 


PO BOX 158 MT HEALTHY STA 
CINCINNATI 31 OHIO 
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EMPLOYMENT OPPORTUNITIES 


Career 
Chemical 
Engineers 


You can find at Procter & Gamble the full utilization of your abili- 
ties and training that you've been looking for. 

If you've been out of college up to 10 years, if you're interested in 
the management of design or construction, you'll want to know more 
about the combination of challenging opportunities plus lifetime secur- 
ity that P & G has to offer you. 

You'll want to know more about the Company that 

© Has been named by AIM as the best managed of all companies 

in the nation. 

© Has tripled its sales since 1946. 

@ Has spent more than 30 million dollars on new company construc- 

tion in the last year. 


For a personal resume application 
and brochure of detailed information 
about Procter & Gamble write to- 
day to: 
Mr. J. E. Gale 
Engineering Division, B-4 
Procter & Gamble 
Cincinnati 17, Ohio 
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EXPERIENCED ENGINEERS 


PROGRESSIVE COMPANY, world’s largest producer of ferro- 
alloys and alloying metals, has a number of 


CHALLENGING OPPORTUNITIES for mechanical, civil, electrical 
and chemical engineers with experience in 
GENERAL PLANT DESIGN AND LAYOUT 
NEW PLANT DEVELOPMENT AND SERVICE 
ESTIMATING FOR PLANT CONSTRUCTION 
~ONSTRUCTION SUPERVISION 
POSITIONS ARE PERMANENT and result from the expansion of 


our Engineering and Construction Department, required to keep 
abreast of continued Company growth. 


EXCELLENT SALARIES, commensurate with related experience, 
preferably in the metallurgical or chemical industry. 


RELOCATION PAID—LIBERAL COMPANY BENEFITS— 
ADVANCEMENT OPPORTUNITY 


Send resume and salary requirements to Mr. W. W. Lake, Administrator of Recruiting. 


ELECTRO METALLURGICAL COMPANY 


UNION 
CARBIDE 


Division of Union Carbide Corporation 


Niagara Falls, New York 


FOR RATES OR 
INFORMATION 


About Classified Advertising 


Contact 


THE McGRAW-HILL 
OFFICE NEAREST YOU 


ATLANTA, 3 
1301 Rhodes-Haverty Bldg. 
JAckson 3-6951 
R. POWELL 


BOSTON, 16 


350 Park Square 
HUbbard 2-7160 


CHICAGO, 11 
520 No. Michigan Ave. 
MOhawk 4-5800 
W. HIGGENS 
J. BRENNAN 


CINCINNATI, 37 
Swifton Village, Apt. 2—1825 York- 
town Ave. 
REdwood 1-3238 
G. MILLER 


CLEVELAND, 15 
1510 Hanna Bldg. 
SUperior 1-7000 
W. SULLIVAN 


DALLAS, 15 
Vaughn Building 
Riverside 7-5117 
G. JONES 
E. SCHIRMER 


DETROIT, 26 
856 Penobscot Bldg. 
WOodward 2-1793 
W. STONE 


LOS ANGELES, 17 
1125 W. 6 St. 
MAdison 6-9351 
P. CARBERRY 
D. McMILLAN 


NEW YORK, 36 
500 Fifth Ave. 
OXford 5-5959 
R. LAWLESS 
S. HENRY 
D. COSTER 


PHILADELPHIA, 3 
7th & Sansom St. 
Rittenhouse 6-0670 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
W. HIGGENS 


SAN FRANCISCO, 4 


68 Post St. 
DOuglas 2-4600 
W. WOOLSTON 
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EMPLOYMENT OPPORTUNITIES 


TITANIUM METALS 
CORPORATION 
of AMERICA 


FIRST IN TITANIUM 
Announces immediate openings for: 


DEVELOPMENT ENGINEERS 
PROCESS CHEMISTS 
PROCESS ENGINEERS 
PROJECT ENGINEERS 
RESEARCH CHEMISTS 
RESEARCH ENGINEERS 


TMCA is interested in men with de- 
grees in Chemical, Metallurgical, Me- 
chanical, Electrical, and Civil Engineering, 
Chemistry and Physics, to fill vacancies 
created by the expansion of titanium pro- 
duction facilities. 

Opportunities in analytical development, 
quality control, process design, equip- 
ment design, process research, metallur- 
gical research, and pilot plant operation. 

Unlimited future, in this new and con- 
stantly expanding industry, for men with 
0-10 years experience. 

Salaries for these positions will be com- 
mensurate with ability, experience, and 
education. 


Please send resumes to: 


INDUSTRIAL RELATIONS DEPARTMENT 
TITANIUM METALS CORPORATION 
OF AMERICA 


P. O. BOX 2128 
HENDERSON, NEVADA 


To EMPLOYERS who 
advertise for MEN: 


When there are many applicants for a 
single position it frequently happens 
that the only letters acknowledged are 
those of the most promising candidates. 
Others may not receive any indication 
that their letters have even been re- 
ceived by a prospective employer 
much less given consideration. These 
men often become discouraged, will not 
respond to~future advertisements, and 
sometimes question their bona fide 
character. 


Every advertisement printed in the 
Employment Opportunities Section is 
duly authorized. 


It will help to keep our readers inter- 
ested in this advertising if you wll ac- 
knowledge every application received, 
even if you merely return the letters of 
unsuccessful applicants with, ‘Position 
filled thank you” written or stamped on 
them. 


We suggest this in a spirit of coopera- 
tion between employers and the men 
replying to Employment advertisements. 


Classified Advertising Division 


McGraw-Hill Publishing Co., Inc. 


CHEMICAL FNGINEERING—June 1957 


You wouldutt gouuble where 
coucerned, 
would you 


Instead of “leaving it to chance,” you would 
put the “I” in investigation! So...if interested 
in the Science of Tomorrow: 


ATOMIC ENERGY 


‘sit down now and write us for the facts. 
Meantime, understand that 


National Lead Co. of Ohio is the newest plant of its 
type processing uranium ores into nuclear reactor 
fuel elements . . . National Lead Co. operates the 
Atomic Energy Commission’s Nuclear Feed Mate- 
rials Production Center. 


. possesses modern technical equipment and 
keeps abreast of latest scientific discoveries week 
by week. 


© 


. .. probably has something for you! 


Current Chemists Chemical Engineering 
Opportunity Metallurgists @ Metallurgical Engineering 
Bee 

Openings  Ceramists Physicists 


REMINDER: 


\ 


get that letter in the mail... 
and get the facts! 


Dept. J-107 


EAD COMPANY 


OF OHIO 
CONTRACT OPERATOR 


Fernald Atomic Energy Commission Project 


PO BOX 158 MT HEALTHY STA 
CINCINNATI 31. OHIO 
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CLASSIFIED ... 


EQUIPMENT SEARCHLIGHT 


and rental equipment. Check this issue’s listings — most 


CE’s Searchlight spots the big bargains in used, resale 


complete in the field —for items you need now. 


> Coverage—National (see index 
of advertisers in this section for 
your nearest dealer). Equipment 
and facilities—used, resale and 
rental—for the process indus- 
tries. For sale, wanted for rent. 
> Rates—$16.95 per inch for all 
ads except on a contract basis; 
contract rates on request. An ad- 


vertising inch is measured § in. 
vertically on a column; 3 col- 
umns, 30 in. per page. Ads ac- 
ceptable only in display style. 

> Closing Date—July issue 
closes June 3rd. Send all new 
ads to Chemical Engineering, 
Classified Adv. Division, P. O. 
Box 12, New York 36, N. Y. 


ry Vac. 
Neil 4’ x Atoms. 
i—Buffalo Vac. 
Vac. Shelf Dryers & Kilns. 


BIG SAVINGS IN GUARANTEED EQUIPMENT 


evens & 
—Stokes 2’ x 6’ Rot: Br 


Drum Dryer 24” 


4—Tothurst 40” Suspended Type Centr 


Centrifugals 12”, 30’, 40’, & 48” Stone Copper, 
Stainless & Rubber Lined. 


6—Sharples Centrifuges #5A Stainless, pice 


De Laval Multiple Clarifiers +200, 300 & 301. 


FILTERS 
#2 Sweetiand Filter 12 Stainless Covered 
i—Vellez Stainless Covered Leaf Tintern types 49. 
Ertel Eng 6 & 10 disc Filters 12'4” dia. 
Sperry & Shriver 7” to 36 sq. in. tron ig Wood 
Gen. Amer, 2” x 1” Filter. 


Rotary Vac. 
KETTLES & TANKS 


dler 200 gal. Glass Kettle. 


Dopp 350 gal. C. I. Jack. Vac. K 
ne & Stokes Impreg. Units 36” dia. 
ne 1000 gal. closed jack. Steel K 
2300 gal. Vert. agit. Jack. Steel iCettic. 
d K 50 to 2300 gals. 


#1 Raymond Automatic Pulverizer 


ettles 
—250 gal. Lead Lined Kett 


le. 
Praudler 150 -~ Closed agit. Jack. Steel Kettle. 
50—St: 


ainless Alum. Copper, Glass Lined 
Kettles & Tanks. Also new Staink 
VE & MILLS 
& Bantam 
, 30” x 34°, 30” x 


20 H.P. motor 


Day Hercules Spike Crusher 1/2 H.P. motor. 
Mills Pulverizers 3 to 

ultz O'Neil 20” Pulverizers. Also #1. 
Williams #3 Hammer 


22” Attri 
—Lehman 4 Roll W 


ition Mill. 

~o. 12% 30” Steel Mill. 
13 Rol Mills "9x32", 12x30" & 16x 
"x36", 4 Roll Stone Mills. 
Bal! pow Cutters 
2—U. S. & Premier 1/2 H.P. Cation ills. 
MIXERS & SCREENS 
Day Imperial 75 & 150 gal. Jack. Mixers. 
Baker Perkins double arm 50 & 100 gals. 

ad 50 & 100 gal. double arm mixers. 

a. vert. Mixer 
ent 3 H.P. Continuous Dry M ixer. 
Ay Mixers & double arm nto 200 gal. 
i—Day 8 gal. Pony Mixers. 
Brighton 20 Ca Can Mixers. 

vi 


als. 
Tyler 3’x9’ 2 . Other sizes. 
Blystone 3000+ hor 
10—Dry Spiral Mixers 50 to 3000+ 
12—Portable Elec. Agitators '/, to 5 H.P. 

MISC. & SPECIAL 

Stokes & Kux 2/2” single punch preform machines. 
Rotary & Single Punch Tablet Machines, /2” to 4”. 
Belt Conveyors 12’, 15’ & 


CONSULT YOUR 
NEAREST SUPPLIER 


CALIFORNIA 


Machinery & Equipment Co., Inc. 
495, 500 


ILLINOIS 


Aaron Equipment Co. .............. 492 
Best Equipment Co., Inc. ..... 2. 498 
Loeb Equipment Supply Co. ........ 498 
Meyer & Sons, Wm. W............. 500 
Wabash Power Equipment Co. ..... 496 


MICHIGAN 


NEW JERSEY 


American Air Compressor Corp. ... .496 
Barcan Co., Irving 

Machinery & Equipment Corp., The .498 


NEW YORK 


Brill Equipment Co. ............... 497 
Equipment Clearing House, Inc. ....496 
First Machinery Corp. ....494, 496, 500 
Heat & Power Co., Inc. ............. 496 
Sabino 498 
Stein Equipment Co. ............... 492 
Union Standard Equipment Co. ....496 


OKLAHOMA 


Cities Service Oil Co. .............. 500 


PENNSYLVANIA 


Foster Co., L. B. 

Loeb & Son, H. 

Perry Equipment Corp. ........ 493, 494 
Philadelphia Transformer Co. ...... 498 
Stainless Steel Sales Corp. ......... 498 


i—Raymond +00 Pulverizer 30 H.P. Complete. 
2— #0000 Raymond Mills. 
Sturtevant +0 18” oy ed Hammer Mill. hip, plows. 
Sturtevant Lab Swing Sledge Mill. bi . , Hydr. Presse: 
Jeffrey 18” x 18” Single Roll crusher. Inject. Mold Equipt. Extruders, Banbury Mixers.” 

NEW TANKS, STAINLESS & CARBON —_, A ara TO YOUR SPECIFICATIONS 

WE BUY YOUR SURPLUS MACH & COMPLETE PLANTS 

PARTIAL LISTINGS, WRITE MOR BULLETINS 


STEIN EQUIPMENT COMPANY 


107 - 8th St., Brooklyn 15, N. Y. Sterling 8-1944 Cable Machequip 


FOR SALE 
Almost New 


PRESSURE FILTERS 


Exceptional bargain on two 1500 sq. 
ft., horizontal, vertical leaf Pressure 
Filters. Ideal for assuring a supply of 
sparkling clear process water or sim- 


| 
t 
| 
| 
LIKE NEW I 
| 
: ilar applications. Steel construction; 
| 
| 
| 
i 
| 
§ 
ta 


J.H. DAY 
PONY MIXERS 


Size “O” 8 gal. cap. Complete with one HP 
3 vertical line 60 220-440 motor and new can 
as illustrated. 


Price $445.00 chicago. 


Additional Processing equipment in stock. 
us your inquiries and offerings. 


AARON EQUIPMENT CO. 


1851 S. BLUE ISLAND AVE., CHICAGO 8, ILL. 


equipped with dual, vari-speed Milton- 
Roy filter-aid injection pumps. Spare 
leaves available. Appointment for in- 
spection of one or both of these Filters 
can be readily arranged. 


FS-4936, Chemical Engineering 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 


. like new 
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$05 nderson & French Oil Expellers. 
pet 3— Gould 75 H.P. Centrifugal Pump 250 PSI. 
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GOOD USED EQUIPMENT 
IN STOCK 


CENTRIFUGALS 
1—AT&M Susp. 48” dia. Perf. Basket, St. 
St., Fume tight 


2—Fletcher Susp. 40” dia. Basket, 1 perf. 
plain steel, 1 rubber covered imperf. 


1—Fletcher 12” dia. St. St. Solid basket 


3—Bird 24” x 24” Horiz. Centrifugal Screen 
Filters, Monel 


1—Bird 24 x 38 monel, Solid Bowl 


3—Bird 32 x 50 Solid Bowl Centrifugals, 
Type 316 Stainless Steel, fume-tight, 60 
HP motor. Built 1953 


1—Bird 36” x 50” Solid Bowl, Steel 

1—Bird 40” x 60” Solid Bowl, 7304 S.S. 

4—DeLaval Nos. 74-11; 94-01; 600 

2—DeLaval #BUH-3930 Hermetic Clarifiers, 
Stainless Steel 

2—Sharples Super-D-Hydrators, C-20 & 
C-27, Stainless Steel 1316 


DRYERS 


Mikro Pulverizers — Hammer Mills 
Attrition Mills — Jaw Crushers 
Comminuting Machines—Pebble Mills 
Send us your inquiries— 
write for detailed list 


3—All stainless steel Vacuum Shelf Dryers, 
108 sq. ft. 

1—Devine #27 Vacuum Shelf, 475 sq. ft. 

1—Devine #23 Vacuum Shelf, 356 sq. ft. 

2—Devine Vacuum Shelf Dryers, size 17, 
80 sq. ft. UNUSED. 

1—St. St. Spray Dryer, 19’ dia. x 20’ high, 
with Western Precip. nozzles, fans, oil 
burners, etc. 


1—American Double Drum Vacuum Dryer, 
36” x 84” 

6—Double Drum Dryers; 42” x 120”; 
42” x 100”; 32” x 52”; 24” x 60”; 
22!" x 38" 

4—Rotary Hot Air Dryers: 4’6” x 40’; 4/6” 
x x 25”; 3 x 24’ 

3—Rotary Coolers: 104” x 30’; 104” x 70’; 

1—B & S Rotary Hot Air Dryer, 3’ x 15’, 
Everdur (Silicon Bronze) 

2—Stokes Jacketed Rotary Vacuum Dryer 

2—Rotary Steam Tube Dryers: Louisville 6’ 
x 30’ and Ruggles Cole 4’ x 30’ 

2—Davenport size 2A Dewatering Presses 

2—Swensen Walker Crystallizers steel, 
jacketed, each 30’ long 


Equipment 
bought & soia 


Plants 
liquidated 


EVAPORATORS-— STILLS 


1—Ozark-Mahoning Submerged Combustion 
Evaporator, type 316 stainless steel, 
2,800,000 BTU/Hr. 

2—Bartlett Snow, St. St. Jacketed Evaporat- 
ing Kettles 6’ dia. x 3’ deep with heavy 
duty agitator and 25 HP 4-speed drive 

1—Conkey 1,900 sq. ft. Triple Effect, Evap- 
orator Vertical long Herculoy tubes 

1—Buflovak size 6.5 model 629D Double 
Effect, all stainless steel, 588 sq. ft. 

1—Stainless Steel Dairy type 6’ dia. Vacuum 
Pan with coils 

1—Struthers-Wells Single Eff. St. St. 625 
sq. ft. vertical tubes 

1—Stainless Steel 145 sq. ft. coil, 500 gal. 

1—150 gal. Jacketed Vacuum Pan St. St. 

1—Stokes type 316 St. St. Double effect 
water still, 250 GPH 

8—Copper Bubble Cap Distillation Columns 
24” dia. to 48” dia. 

4—Stainless Steel Packed type Columns 8” 
dia. to 24’ dia. 


AUTOCLAVES—REACTORS 


6—465 gal. St. St. 3’ dia. 86 deep, 150# 
WP, 165# jkt. pr. 

1—1420 gal. St. St., 4’ dia. x 15’ deep, 
200# WP, 85# jkt. pr. 

3—Pfaudler Glass Lined, jktd. & agit. 30 
gal., 50 gal. & 100 gal. 

3—St. St. T347 13 gal. 1400# test, 50# 
jkt. 


FILTERS 


1—Niagara Model 510-28-type 316 Stain- 
less Steel Filter, 510 sq. ft. 

2—Sparkler #33-S-28 Filters, Steel Tank, 
St. St. plates 

1—Feinc 6’6” D x 6’ Face String Discharge 

2—Eimco 10’ x 12’ Rubber Covered Filter 

2—Sweetland Filters: #12 (12 Ivs.); #5 
(20 Ivs.) 

5—Cast Iron Filter Presses, 30’ x 30” open 
delivery, 28, 35, and 50 chambers 

5—Filter Presses, closed delivery, 7’—36” 

5—Louisville 36” wide 8-roll Continuous 
Filters 


EQUIPMENT SEARCHLIGHT 


Save Time! 
Save Money! 


MIXERS—BLENDERS 

1—Gemco St. St. 30 cu. ft., 54” dia., Jktd. 
Conical Blender 

1—Conical Blender, Steel, 6’ dia. 

3—Sprout Waldron size 12 Ribbon Mixers, 
336 cu. ft. work. cap. 

5—Stainless Steel Sigma Blade double arm 
jacketed mixers, 3 gal., 5 gal., 10 
gal., 50 gal. & 75 gal. 

4—Sigma Blade Double Arm Jacketed Mix- 
ers, 24 gal., 50 gal. & 100 gal. work. 
cap. 

1—Robinson 110 gal. St. Clad Jktd. Single 
Arm mass Mixer. 

2—2,000 gal. Horiz. Jktd. Paddle Mixers 

2—Side Entering Stainless Steel Mixers, 15 
HP & 25 HP 

3—Falk Vertical Agitator Drives ##10-GDX, 
10:1 300 HP—UNUSED 

5—Turbo Vertical Drives, #5B, 5:1, 40 HP 


MARCO FLOW MASTER UNITS 
Stainless Steel 
New in 1951—Expl. Pr. Motors 
1—KACR Reactor, ser. $3127 
1—Kom-Bi-Nator, 200 GPH, #3114 
1—AC-500 Homogenizer, #3125 
2—Roto-Feed Mixers, #3129, 3130 
1—DP-Dry Proportioner, #3131 


TANKS 
2—Aluminum 18,000 & 24,500 gal. 
10—Aluminum, 500 gal. 804 WP. 
10—St. St. Pressure Tanks—to gal. 
20—St. St. Storage Tanks—to 1000 gal. 
1—St. St. Oval Tank, 2500 gal. 
1—3,500 gal. St. St. Tank on trailer 
1—600 gal. 7313, 4”, ASME 15# 
1—3000 gal. St. Clad Vertical Vacuum 
Tank with coils. 
27—Vert. welded Steel Tanks, dished 
heads, 7500 gal. 


Condensers, Stills, Agitators, etc. 


STAINLESS STEEL HEADQUARTERS 
USED EQUIPMENT IN STOCK—Tanks, Kettles, Receivers, Exchangers and 


NEW TANKS IN STOCK—From 30 gal. to 10,500 gul. sizes. Also large stock of 
prefabricated tank sections and heads to assure quick delivery of tanks. 
CONVERTING EXISTING EQUIPMENT—(Your own equipment or our stock)— 


Can be done in our own shops utilizing surplus new or used materials on 
hand. HELIARC WELDING—Water Quenched Stabilized welds. 


Phone 
ST evenson 


Cable—PERI 


PHILADELPHIA 22, PA. 
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EQUIPMENT SEARCHLIGHT . . . 


59,000,000 VALUATION 
REAL ESTATE, MACHINERY & EQUIPMENT 


Of The Former 
TRENTON CHEMICAL COMPANY 
TRENTON, MICHIGAN 


By Order of the Board of Directors to be sold at 


PUBLIC AUCTION 


on THURSDAY, JUNE 20, 1957 
Beginning at 10:30 A.M., E.S.T. 


MAIN ITEMS 


MONO SODIUM GLUTAMATE PLANT:—glass lined Reactors up to 2000 gals.; Stain- 
less Steel Tanks from 500 to 3000 gals.; rubber lined Tanks; Bird 40” rubber 
lined Centrifugal; 2—AT&M 42” Stainless Steel Centrifugals; Bird 18x28 Con- 
tinuous Centrifuges; Shriver & Sperry Filter Presses 30’ and 36”; Arnold Single 
Effect Stainless Steel Evaporator, capacity 10,000# per hour; Stainless Steel 
Rotary Dryer; Stainless Steel Pumps; Olivite Pumps; Stainless Steel and rubber 
lined Piping, Valves and Fittings; 3—Fuller Compressors 25 HP; Laboratory; 
Copper and Stainless Steel Shell & Tube and Double Pipe Condensers; Raymond 
Mills; Pulverizers; etc. 


EVAPORATOR PLANT:—Swenson Quintuple Effect Evaporator with copper tubes 
handling approximately 10,000 gal. of water per hour; 3—42’x120’ American 
Double Drum Dryers; 3—Louisville 6’x50’ Rotary Steam Tube Dryers; Bird 24” 
Continuous Centrifugal Filter; Louisville Dewatering Press; Spiral Dewaterers; 
Dryers; Screw Conveyors; Vibrating Screens; Hammer Mills; Mixing Tanks; etc. 


BOILER PLANT:—4 Boilers, 1—528 HP Vogt, 1—419 HP Sterling, 1—298 HP 
Wicks, 700 HP Erie City, 175 to 200# pressure; complete coal handling and coal 
pulverizing equipment; Pumps; Compressors; motors; fans; piping; etc. 


DISTILLERY & FERMENTING PLANT:—-2—48” and 1—60” Copper Beer Stills; 
2—48” and 1—60” Rectifying Columns; complete with Condensers; Piping; 
Copper & Stainless Steel Tanks up to 12,000 gals.; Weigh Tanks; Scales; 10— 
20,000 gal. Steel Fermenting Tanks and 22—22,500 gal. Steel Fermenting Tanks, 
some with Agitators; Digesters; 3—9’x27 Horizontal Steel Cookers; Centrifugal 
Pumps; Compressors; etc. 


GRAIN HANDLING PLANT:—Large Steel Grain Bins; 5 Steel Grain Tanks 12’6’x47’ 
high; Bucket Elevators; Screw Conveyors; Flour Mill equipment; Hammer Mills; 
Grain Dryers; Bagging & Weighing equipment; etc. 


MISCELLANEOUS:—Steel Storage Tanks from 3 to 20,000 gal. capacity for oil 
and water; Air Compressors; Deep Well Pumps; Wood Storage Tanks; Cen- 
trifugal Pumps; motors up to 150 HP; large quantity of Piping, Valves, Fittings; 
Machine Shop equipment; Trucks; Tractors; etc. 


REAL ESTATE:—12 Acres of Land with sidings on D.T.&lI. and N.Y. Central Rail- 
roads; 10 Buildings with 130,000 sq.ft. of floor space, FULL DETAILS ON REQUEST. 


WIRE OR ‘PHONE FOR DETAILED CIRCULAR 
Inspection One Week Prior to Saie 9:30 AM to 4:00 PM daily 


SAMUEL L. WINTERNITZ & COMPANY 


First Nat‘l Bank Bldg. National Bank Bldg. 
Phone: State 2-5908 Phone: Woodward 1-0969 
Chicago 3, Illinois Detroit 26, Michigan 


MACHINERY 


IS OUR MIDDLE NAME 


The Most Diversified Stock in 
the Equipment Industry 


Zaremba Double Effect INCONEL 
Evaporator; 430 sq. ft.; acces- 
sories. 


Shriver & Sperry Aluminum Filter 
Presses; 7’, 12’, 18” and 36”. 


Baker Perkins & W. & P. H 
Duty Double Arm Jktd. Mix- 
ers; 100 to 300 Gal. 


Hardinge Conical Ball Mill; 10’ x 
48”. 


Patterson Pebble Mills; 6’ x 5’; 
6’ x 8’. 


Whitlock S/S Heat Exchanger; 
18” x 12’; 6 Pass; 204 Tubes; 
420 sq. ft. 


American Jktd.; Dbl. Door Steril- 
izers; Sizes up to 30” x 42” x 
84”; welded. 


Hersey Gas Fire Atmps. Dryer; 
5’ x 26”; Stainless contacts; 
accessories. 


Send for Complete Inventory List 


FRED R. FIRSTENBERG, Pres. 


FIRST MACHINERY~ CORP. 


209-289 TENTH ST. 
BROOKLYN 15, N. Y. 
$Terling 8-4672 


UNUSED 


STAINLESS STEEL 
TANKS 


IN STOCK 

1—10,500 Gal. Horizontal T-304, 

Dished heads, 3/16” thick 
1— 5700 Gal. Horizontal T-304 
1— 3000 Gal. Vert.-mixing 
1— 2800 Gal. Horizon‘al T-304 
2— 2000 Gal. Vertical T-304 
2— 1000 Gal. Vertical T-304 
1— 675 Gal. Vertical T-304 
5— 500 Gal. Vertical T-304 


PERRY 


1413-21 N. 6th St., Phila. 22, Pa. 
Stevenson 4-3505 
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Thar’s Gold by th 
When you buy or sell, check with MECO. 
Select from over 10,000 items 


e Golden Gate! 


. . . EQUIPMENT SEARCHLIGHT 


“BONANZA BUYS” FROM OUR LARGE STOCK 


AGITATORS 


8—Lightnin Model SEV 2500 side-entering 
25 HP splash proof motors 

1—Lightnin Model SEV 500 side-entering 
5 HP splash proof motors 

2—Lightnin Model SEV 300 side-entering 
3 HP splash proof motors 

4—Lightnin Model D-2 portable % HP exp. 
proof motors 

4—Westbuilt new portable 
¥3 HP gearmotors 

6—Westbuilt new portable % HP 1750 
RPM motors 


CENTRIFUGES 


1—Tolhurst 32’ Suspended Rubber 

1—A T & M 42” S.S. Suspended Perforated 

1—Bird 48” Suspended steel. 25 HP 

1—Sharples PY-14 Super-D-Cantor new, 
316 stainless steel 

2—Bird 18" x 28” cont. 316 S.S. solid bowl, 
15 HP motor 

1—Bird 32” x 50” cont. 316 S.S. solid bowl, 
60 HP motor 

2—Bird 40” x 60" cont. 304 S.S. 30 HP ex- 
plosion proof motor 

2—Sharples C-27 Super-D-Hydrators 316 
S.S. 30 HP explosion proof 

1—Delaval ACVO S.S. 20 HP motor 

1—Delaval Model AAK1, 72 HP motor 

1—Podbielniak 316 S.S. PUP model 


DRYERS & KILNS 


1—Wyssmont R-32, Chemstone trays 
Everdur contact. New 

2—Link-Belt Roto-Louvres, sizes 207-10; 
size 310-16 

4—Rotary 5 x 50’; 6 x 60’; 7 x 54; 
7¥2 x 45 

1—Devine Vac. Shelf, 17 shelves 80” x 60” 
double door 

1—American 36" x 84" double drum 

1—Buflovak 42” x 90’’ double drum 

1—Allis-Chalmers 6 x 7 x 100 Kiln 

1—8 x 126’ Kiln, %4” shell 

2—New Kilns, 4 x 30’ and 4 x 60’ 


FILTERS 


2—Niagara Model 510-28, S.S. leaves 
2—Sparkler S.S. 14-D-4, 18-D-8 


CuemicaL ENGINEERING—June 1957 


1—Sweetland #2, 9 lvs on 4” centers 
2—Sweetland #7, with 41 leaves 
2” centers, 20 leaves 4” centers 
2—Sweetland #12, 46 leaves 3” centers, 
30 leaves 4" centers 
2—Oliver 3’ x 2’ Rotary Vacuum 
1—Eimco 8’ x 8’ rotary. Continuous 
2—Oliver 8’ x 10’ Continuous Precoat 
2—Shriver 30" x 30” plate and frame, 32 
chambers 
1—Shriver 36” x 36”, 20 frms 19 plates 
4—Sperry 36” x 36", 60 recessed plates 


MILLS AND MIXERS 


1—Simpson Intensive No “O” 

1—Baker-Perkins 1642 DIM sigma 

2—Ribbons, 500# capacity, with 10 HP 
explosion proof motor 

2—Stokes jacketed Ribbon, 30” x 36” x 8’ 

1—Raymond #1 Auto. Pulverizer double 
Whizzer Separator 

1—Marcy 6’ size 65 Ball Mill, 150 HP 

1—Raymond No. 1 Imp. No motor 

1—Raymond OO Pulverizer, 40 HP motor 
and cone separator 

2—Charlotte S.S. Colloid, 2-3 HP 

1—Charlotte Model 20 S.S. Colloid 20 HP 

2—Micro-Pulverizers, 1—SH, 2—TH 

1—Robinson 36” single runner Attrition, 
100 HP motor 

4—Williams 24” Hammermills, 60 HP 

1—Fitzpatrick Model Comminuting 

1—Williams 3 Roller Standard Mill with 
Cone Separator 

1—Allis-Chalmers 15” x 30” Style ’Q” Roll 
Crusher, New. 

1—Buehler 10” x 20” 3 Roll Mill 

2—Kent 12” x 32” 3 Roll Mill 


SEPARATORS 


1—Raymond 4’ double Whizzer 

1—Raymond 6' double Whizzer 

4—Dorr-Clones, type 14” dia x 5’ long, 
rubber lined 

4—Krebs 5-B-10 Centriclones S.S., 10 HP 

2—Sly #17 Dust Collectors, complete 

1—Sly Bag House. Auto cont. 19,272 sq ft. 
Still in orig. crates 


SCREENS 


1—Selectro 18" x 36", single deck 

1—Link-Belt, x 48” single deck 
size NRM 124 

1—Selectro 2’ x 8’ single deck 

2—Selectro 4’ x 10’ Triple deck 

2—New Tyler 4’ x 5’, S.S. Hummer 

1—Abbe-Bluttergess Turbine, 3 HP. 


MISCELLANEOUS 


3—Condensers, pure nickel shell and tube, 
300 sq ft area each 

1—Conveyor, Conveyco vert. lift 12” Screw, 
8" lift, 2 HP 

1—Crusher, Penna. Reversible 350 HP 
motor, size 15” x 58” 

2—Crystallizers, Swenson all iron bodies, 
4' x 14’, 300 sq ft area 

7—Crystallizers, Swenson-Walker each 20’ 
long, with individual drives 

1—Evaporator, Majonnier, 60” dia S.S. coil 
type, 158 sq ft 

1—Evaporator, 24” dia S.S. jacketed and 
agitated 

1—Evaporator, 42” dia S.S. coil type, 11'5” 
overall height 

1—Evaporator, Harris 6’ dia S.S. coil type, 
315 sq ft heating surface 

1—Generator, Westinghouse 1200 KVA 
with Moore Turbine 

2—Kettles, New Groen 60 gal. S.S. agitated 
Model RA 

2—Kettles, new Groen 80 gal SS. agitated, 
Model RA 

~~ Lee 125 gallon S.S. jacketed 
90 

3—Kettles Lee 250 gallon S.S. with steel 
outer jack, ASME 90# 

1—Press, Valley, 16” dia S.S. twin screw, 
Model D342 continuous 

1—Press, Stokes RB-1 Rotary Tablet 
16 punch 

1—Reactor, Pfaudler 500 Model gal. ELL 

1—Sewing Machine, Union Special with 
extra head & Sack conveyor 

1—Sterilizer, Wilmot-Castle, 36° x 42" x 
84” long, double door 

1—Tank, 2500 gallon, S.S. closed top and 
cone bottom 

2—Tanks, 3000 gallons, S.S. 6’ dia. x 18’ 
long, closed 

2—Tanks, 5000 gallon, S.S. closed with 
manhole 


. . . and many more. Check with MECO—whatever your needs. 
We have exactly what you want. 


CABLE: MECO 
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)} 19 ev. ft. Patterson Blender 
») 250 cu. ft. Rotary jkt. SS Blender 
U C20 Sharples Super-D-Hydrator SS 
ebuilt 36” x 50” Bird Cond. Centrifuge 
Machiner PRICE SAVING 40” SS Bird Sus. Perf. Centrifuge 
4 200 gal. B. P. West Churn jkt. vac. 


OPPORTUNITI ES Rotoclone Collector Size 36, Type W 
3’ x 14’ x 14” steel Column, 75 PSI 


MODERN REBUILT NN 4’ x 40’ x 1-1/16” Steel Column 
REBUILT EQUIPMENT Compressor Bury 1600 CFM @ 110+ 
\) 2350 sq. ft. Condenser, steel/SS 
Trade or Sell YOUR Surplus to ) 13,500 sq. ft. Cond., Admir. Tubes 
Help Pay for Additional | 4’ x 18’ Cooler—Portable 


5’ x 20’ x Rotary Cooler 
Production Facilities 4 7’ x 50’ x V2" Cooler 


PROCESS MACHINERY 


At Special Bargain Prices 
For Quick Sale 


J 30” Robinson Rotary Cutter, 30 HP 


MIXERS 
Baker Perkins 50 gal. Steel and Stainless CENTRIFUGALS § Wyssmont Size Q24E Turbo Dryer 


Steel Double Arm Jacketed Heavy Duty 4) 502-16 L.B. Roto Louvre Dryer 

Mixers with Stainless Jacketed Blades. Sharples C27 Super-D-Hydrator i} 705-20 L.B. Roto Louvre Dryer, SS 
3500 gallon working capacity Steam Jack- Type 316 STAINLESS; 30 HP 4 705-24 L.B. Roto Louvre Dryer 

eted Double Arm Mixing Tanks. XPL P 6’ x 50’ Louisville Steam Tube Dryer 

ay, ew otiman ixers, 

from 2 10 450 gal., with and without Sharples H2 Nozzlejector; Type 

DM with accessories; 15 HP WITH COLLECTOR. 
er Ferkins, a eadco uty, 
Mixers with Sigma or Fish Tail Blades. Bird 48” Susp. Rubber Cov. 43D Stokes Oscill. Granulator 
LABELERS Centrifuge; fume tite; Plow ‘x 8’ Abbe Ball Mill GPH, unlined 

Knapp Wraparound Labeler. Discharge; 40 HP 2 speed. ‘x 18’ Patterson Ball Mill 2 Comp. 
CRCO Nu-Way Wraparound Labeler. effrey Hammermills, 15x8, 20x12 
Resina LC and Elgin Cappers. Bird Continuous Centrifugal Fil- 620 DIXIE-Non Clog Hammermill 
Burt 611AUB Wraparound Labeler, to gal. ter: 36x50”: Stellited; 40 HP. icro Pulverizers 2TH & 1W 
Pony M, ML, World, Ermold, Pneumatic . i ase Packer Std. Knapp 6/1 gal. cans 

Semi and Automatic Labelers. 12G Stokes Microvac (NEW) 
Copem 4-Heod Automatic Capper. 00 gal. S.S. Jkt & Agit. Reactor 
“x 84” Rotex #41 Single Deck 
“x 84” Single Deck Rotex Screen 
yro-Sifter Low Head 7 screens 1 HP 
500 gal. Hortonsphere 


#Y 


OeNAN 


Bird Continuous Centrifugal 
FILLERS — Conical Bowl; 18 
MRM and Elgin Rotary Fillers. 
S. & S. G1, G2, G6, HG84 Fillers. A.T.&M. Susp. 40” Centrifugal; 


MRM S. A. Stainless Steel Vacuum Fillers. . 
Triangle Elec-Tri-Pak Fillers, 1 to 6 Head. . Annular Discharge; 15 HP. 500 gal. Rubber lined Tank 7’ x 9’ 


Elgin 5-Head, Hope 1, Filler 2 and 4-Head AG 12” Merrick Weightometer 
Stainless Steel Piston Fillers. Podbielniak Counter Current Sol- = pier Us ton Surplus Lists <—— 4 


PACKAGING MACHINES vent: HEAT & POWER CO., INC. 


A.T.&M. 26” $.S. Centrifuge; un- 60 East St., 17, N. Y. 
igh speed Carton Feeders an ‘om . . _ MUrray Hill 7- 
Sealers, Weighers, Top Sealers with der driven; perforate basket. (Machinery & 
Compression Units, Carton Liners. FRED R. FIRSTENBERG, Pres 
Transwrap Auto. Bag Machine. i 
Miller, Hayssen, Package Machinery, BOILERS 
Oliver, Campbell, Transwrap Wrappers. FIRST MACHINERY CORP 
Standard K 429 Carton Sealers. ‘ - HI-PRESSURE 
209-289 TENTH ST. Complete stock from 10-2,000 h.p. 
GRINDING MILLS—SIFTERS is Nation’s largest inventory, New & Used 
i i WABASH POWER EQUIPMENT 
STerling 8-4672 31 CONGRESS, CHICAGO 5, HA 7-4855 
Mikro 4TH, 3TH, 3W, 2TH, 1SH Pulver- 
izers: Schutz O'Neill Mills. 


Great JUNE SP ECIALS 


Western, Gayco, Raymond Sifters. Tolhurst 40” Cent. Plough & Bottom Dump 


i —40Y2"’ ed Kady & Abbe S/S Dispersall Mills with motor 
Rotex Sifters—40V2" x 120” and Pfaudler Glass Reactor, 20 gal., Jktd. & Agtd. 


40” x 84”. Pfaudler glass lined jacketed Still, 200 gal. new 
rs 


Vibrating Sifters 20’x72”, with 
MISCELLANEOUS 
Sparkler, Sperry, Shriver, Alsop Filters. 


oh 


NA 


500-1000 PSI Ing. 
3500 HSI Ing. 30 


aay 


Write, Wire, Phone For Details & Prices ryer 
TOP PRICES PAID FOR Mikro Mill 2281, serial’ #403, extra head 
NT 

YOUR SURPLUS EQUIPME NEWSTEEL & S/S MIXERS, 
KETTLES & TANKS 

D Fabricated To Your Specifications 
UNION STAN ARD Engineering Advice Available 
WE BUY COMPLETE PLANTS OR SINGLE 


a 50 xt B 
40 PSI 10x13 Ing. ESI 
EQUIPMENT CO UNITS, WHAT HAVE YOU FOR SALE OR | CFM Rotary 
e 


318-322 Lafayette Street American. 

New York 12, New York EQUIPMENT CLEARING HOUSE, INC. AIR COMPRESSOR CORP. 
Phone: Canal 6-5334 111 33rd Street, Brooklyn, N. Y. : © NORTH BERGEN, Nod 

SOuth 8-4451—4452—8782 : Telephone UNion 5-4848 
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) 
ag 
COMPRESSOR 
Worlds Best Rebuilts 
er, complete 

40 HP motor 

ast Pfaudler glass Kettle with S.S. ag’t., 250 gal. 

é 100 PSI 7x7 Ing. ESI 

i 135 PSI 8x9 Ing. ESI 
500 PSI 10-4'2x10 Ing. XOB 
125 PSI 10x!i Worth HB 
100 PSI 12x10 Ing.—Penn 
40 PSI Ing. ES New 

4 100 PSI Ing. ESI 
5 100 PS! 13-8x Ing RB 

496 


FOLLOW THE ROUTE 
REAL SATISFACTION 


BUY BRILL 


DRYERS 


3—Bartlett & Snow 7’x30’, 6’x30’ direct heat 
Rotary. 

1—Christie 70’’x40’ indirect heat 

3—Link Belt 5’ 

4—Devine double door V: Shelf 17 
and 20—59’'x78” 

3—Devine single door Vacuum Shelf 20, 
19 and 18—40’x43” shelves. 

6—Stokes single door Vacuum Shelf 4 and 
6—24’’x36” shelves. 

2—Devine 5x33’, 4’x25’ Rotary Vacuums. 

1—Devine 5’x10’ Rotating Vacuum. 

1—Hersey 11’x12’ Rotary, 304 S.S. 

3—Louisville Steam Tube 6’x50’, 
38°°x25’. 

2—Buflovak Atmospheric double drum 
42”x120", variable speed drive. 

1—Buflovak 5’x12’ Atmospheric 
drum. 

2—Devine 4’x9’ Atmospheric single drum. 

4—Tray Dryers, steam heated, 95 sq. ft. 
tray area. 


6’x35', 


single 


FILTERS 


5—Sparkler 33-S-28, 150 sq. ft., 304 S.S. 
#14-D-4, 304 S.S. 
liver Rotary, Monel 8’x10’, 3’x?’. 
1—Oliver 3’ dia. Monel Horizontal. 
1—Oliver 5’3’’x8’ Steel Rotary Vac. 
I—Feinc 3’xl’, Rotary Vac, 316 S.S. 
1—Eimco 18x12”, 316 S.S. 
2—Sweetland #12, 48 and 32 leaves. 
1—Sweetland #7, 20 S.S. covered leaves. 
1—Niagara 230-32, 230 sq. ft., 304 S.S. 
3—Shriver 30” P&F, 36 chambers, iron. 
2—Shriver, 30” P&F, 40 H ‘it 
coated. 


CENTRIFUGALS 


5—Bird 32’x50’ solid bowl Continuous 
Centrifuges 316 S.S. fume-tight, 60 HP, 
TEFC motors, NEW 1953. 

2—Bird 36’’x50’, 18’’x28” steel, solid bowl, 
continuous. 

2—Bird 24x38", 18x28", 316 S.S. 
bowl, continuous. 

2—Sharples #C-27, C-20, 316 S.S. Super- 
D-Hydrators. 

1—Sharples PY-14, Super-D-Canter, 304 S.S. 

2—Bird 40” suspended, 347 S.S. 

1—AT&M 40” suspended, steel. 

1—Bird 40” suspended, rubber. 

3—Tolhurst 40”, 32”, 26’, suspended. 

1—AT&M 40” suspended, steel. 

1—AT&M 36” center slung, rubber covered, 
perforated basket 

1—Tolhurst 32” 304 S.S., per- 

forated basket. 


solid 


EVAPORATORS, REACTORS 
CONDENSERS, TOWERS, TANKS 


1—Artisan 450 sq. ft., 304 S.S., single 
effect Evaporator, complete with piping, 
receiver, separator and condenser. 

1—Nooter 1000 gal. nickel-clad, jacketed, 
agitated Reactor. 

1—Glascote 500 gal. glass lined, jacketed, 
agitated Reactor. 

2—Pfaudler 250 gal. glass lined, jacketed, 
agitated Reactors. 

3—Pfaudler 500 and 300 gal. glass lined 
jacketed Reactors. 

1—750 gal., 304 S.S. Kettle with coils and 
paddle agitator. 

1—600 gal., 316 S.S. jacketed, agitated 
Reactor 200# internal pressure, 75+ 
jacket. 

2—500 gal., 347 S.S. jacketed Autoclavis 
or Reactors, int. pressure, 

3—500 gal., 316 S.S. 


Tanks. 

4—3500 gal., 304 S.S. jacketed, agitated 
Tanks. 

1—Wyatt 18” a x 23’, 316 S.S. Bubble 
Cap Colum: 

1—Wyatt 24” y x 42’, 304 S.S. Bubble 
Cap Column. 

1—10’ dia. Hertonsphere, 225 psi. 

1—10,000 Aluminum Tank 10’x 
16’ shell, 254 W. 

1—12,000 gal. Horizontal cee lined Tank 

5—1000 gal. S.S. Clad, Vertical Tanks. 

en 6’xS’, 316 S.S. Vertical 
‘an. 

2—Langenskamp oon gal., 304 S.S. agitated 
Tanks with coils. 

1—5’x6” dia. x 304 S.S. Horizon- 
tal Tank, 3000 = 

Storage ‘anks 8’x16’, 

1—Swenson-Walker 30’, 304 S.S. Continu- 
ous Crystallizer. 


closed, jacketea 


HEAT EXCHANGERS 


1—1665 sq. ft., 304 S.S. tubes, 75 psi. 
1—1300 sq. ft., Admiralty Tube, 75 psi. 
1—947 sq. ft., 304 S.S. tubes, 60 psi. 
1—570 sq. it., 304 S.S. tubes, 60 psi. 
1—536 sq. ft., 304 S.S. tubes, 150 psi. 
1—315 sq. ft., 316 S.S. tubes, 250 psi. 
1—250 sq. ft., 316 S.S. tubes, 900 psi. 
22—14, 20, 28 & 48 sq. ft., 304 & 316 S.S. 
tubes. 

1l—Karbate 24.6 sq. ft., tubular. 
3—Karbate 70.6 sq. ft., tubular. 
2—Karbate 188 sq. ii., tubular. 


BRILL 


RE-NU-BILT 
EQUIPMENT 


PULVERIZERS—CRUSHERS 


1—Dixie #3620 non-clog Hammermill. 

Hammermills 20x12’, 

4—Hardinge Mi Mills 41'x16', 5’x22”, 5'x36”, 

6x7’ poreclain lined Peb- 
ble Mill, 30 HP motor. 

4—Patterson 6’x8’, 5’x6’, 3’x4’ brick lined 
Pebble Mills. 

1—Devine 5’x10’ steel jacketed Ball Mill. 

1—National 6x12” Mill, Two Roll. 

— 16x14” Three Roll, High Speed 

ill. 
3—Gayco Air Separators 16’, 6’, 18". 
3—Mikro Pulverizers, Bantam, #ISH #2DH, 


2TH. 
2—Ball & Jewell #1, #0 Rotary Cutters. 


SCREENS 


3—234 Robinson Triple Deck 30°x104”. 

6—2#42 Rotex Double Deck 

3—#421 Rotex single deck 60’x84”. 

3—Robinson single deck 40’’x84’’, 304 S.S. 

1—Patterson single deck 40’’x84”, 304 S.S. 

2—Tyler Hummer single deck 3’x5’, 3’x10’. 
3’x15’ with Thermionic Units. 


MIXERS 


1—Baker Perkins #15USE, ALL <a 
ouble Arm, jacketed, Vacu 

#15VUMM, 100 gal. jack- 
eted, 100 HP. 

2—Baker peed #17DAM, 200 gal. jack- 
eted, Sigma Blades. 

1—Baker Perkins 100 gal., 304 S.S., Sigma 
Blades. 

“Te ene” double arm 250 and 
100 gals. 

Patterson 6’ dia. Steel Conical, 15 HP 


steel, jacketed, Powder 50, 225 and 350 


4 fa 304 S.S., Conical, 3 HP motor. 
1—Eppenbach 1 HP, 304 S.S. Homo Mixer. 


MISCELLANEOUS 


3—25 Ton Freon Refrigerating Units. 

7—Stokes DD2, DS3, D3, B2, “R” & 
Tablet Presses. 

10—Nash Vacuum Myce H7, H6, HS, LS, 
H4, TS7, #4, #2, AL-572. 

2—Stokes #412G, 412B Vacuum Pumps, 
motor driven 

8—Wilfley 4” "Haves Lined Centrifugal 
Pumps, motor driven. 

15—Chlorimet, Durimet Cen- 

trifugal Pumps 112” 


IF YOU DON’T 


SEE IT LISTED—ASK FOR IT—WE HAVE IT 


TEXAS OFFICE—4101 


San Jacinto St., Houston 4, Texas—Tel.: Jackson 6-1351 


. EQUIPMENT SEARCHLIGHT 


— 


EQUIPMENT COMPANY A SINGLE ITEM 
2401 THIRD AVENUE, NEW YORK 51, N. Y. (OR A 
Telephone: CYpress 2-5703 + Cable: Bristen, N. Y. ‘COMPLETE PLANT 


Send us your surplus equipment lists today 


RILL 


wire or phone us for complete 


. 
' Write, information 
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EQUIPMENT SEARCHLIGHT .. . 


LOEB OFFERINGS 


Agitators, portables: to 5 hp. 
Centrifugals: Fletcher copper. 

Fletcher 20” ed. 

Tolhurst 26” co 

Tolhurst 24” covered. 
Centrifuge: Inter. size 3 mod. FS. 


hp. 
Clarifiers: De Laval 84-51, SVKSR, ban, 


De Laval #800 multiple. 
Condensers: 


Conveyors: screw; Hammond 16” st. steel. 


ers: Devine 2 x 4’ vac. drum st. steel. 
wen laboratory Spray type. 
Ruggles Coles XA 4 x 20° rot 
Double drum atmospheric to 1 
Rotary Vacuum 2!% x 8’. 
Louisville Steam Tube. 
Nordyke rotary steam 120 bu/hr. 


Evaporators: Swenson triple effect 350 sq. 


Mojonnier st. steel, 392 sq. ft. 
Fillers: for liquid, paste, powder. 


Filters: Oliver 2/2 x 1’, Sparkler, Alsop, 


Lomax, Industrial. 
Oliver 3.5 sq. ft. monel horizontal. 
Eimco 4x3 steel drum, unused. 
Oliver 6x4 s. s. drum with flapper. 


Filter Presses: Sperry, Shriver 6” to 36”. 
Kettles: Stainless steel 20 to 150 gal. with 


and without agitators. 
Dopp 150 gal. dbl. st. agitator. 


stainless steel and copper. 


Jeffrey 30 x A. 
Hammer: Williams sixe BX type AK. 
Raymond: 0000 IMP, 16” gos mill, 
3-roll: Ross 12 x 30’. Day 4 bg 32”. 
Colloid: Charlotte iron, 25 hi 
Colloid: Charlotte model 20, = 'st., 20 hp. 
Fitzpatrick model D, st. st., 5 hp. 
Mixers: Dbl. and sgl. arm sigma blade. 
Jacketed horiz. 550 gal. st. steel. 
Dry Powder: 12 to 77 cu. it. 
Day powder, copper body, 140 cu. ft. 
Liquid tank to 500 gal. 
Muller: Simpson st. = bowl 39x20”. 
Pony: Day 40 gal., Ross 20 gal. 
Gemco st. st. Tumbler, 712 hp. 
Press: Louisville dewatering 10x22” rolls. 
Pumps: Centrifugal, rotary, gear, vacuum. 
In various sizes and met 
Reactor: VanAlst st. steel 18 x 60”. 
Screens: Selectro 4 x 10’. 
Separators: DeLaval AC-VO Nozzle-Matic. 
Sterilizers: American 42 x 52” x 1112’ lq. 
Stills: st. steel 24 x 45”, 24 x 32”, 20 x 24”. 
Tablet Machines: Single punch and rotary. 
Tanks: Stain. steel various sizes. 
Glass lined to 500 gal. cap. 
Valves: 2” stainless steel. 


Send us your inquiries and list of idle equipment. 


LOEB EQUIPMENT SUPPLY CO. 


818 West Superior St. 
Telephone: Seeley 8-1431 


e 
@ 
e 
@ ft., single effect 350 ft. 
e 
e 
e 
e 
e 
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Chicago 22, Ill. 
Our 33rd Year 


Premier 6” and 10” COLLOID MILLS 

Abbe 12 gal. and 200 gal. DISPERSAL 
MIXERS 

Sharples type M-12-161 H CENTRIFUGE 

STAINLESS STEEL rectangular tank 
1500 gal. 

STAINLESS STEEL jacketed kettles 100 
gal. and 55 gal. at 90 psi. 

Day #2 Cincinnatus DOUGH MIXER 


20 gal. 
W & P lab DOUGH MIXER 1 gel. 
IRVING BARCAN CO. 
249-51 Orient Ave. 
Jersey City 5, N. J. 
DElaware 2-6695-6 


For Sale 
NEW NICKEL VALVES SURPLUS. 
%" TO 6” SIZES, 35% BELOW COST. 
SUBJECT TO PRIOR SALE. 


SABIN METAL CORP. 
310 Meserole Street, Brooklyn 6, N. Y. 


DOUBLE DRUM DRYER FOR SALE 


1—42” dia. x 120” Ig. American Double 
Drum Dryer with drives, conveyors, elevator, 
flaker, hood, etc. Very reasonably priced. 
Built for is PSI working pressure. 

EST EQUIPMENT 

1737 W. HOWA ase ST. CHICAGO 26, FLL. 


NEW AND 


20—Jacket 
i—Day Mixer, jacketed, 


en 
60—New Pressure Cookers, 18"x18" & 24x28”. 
i—New Glass Nash Centrifugal gpm. 
i—New Nash Vacuum Pump Type AL-572 
i—Buflovak Jacketed Imp Tank 42°x52”. 
—Stedman Disintegrator s 0-6. 
Mill. 36”: x42" Buhrstone lined. 


i—Abbe Ball 
i—Nash Air Compressor, Type AL-6 

i—Manton Gaulin 125 gph. 
i—!&R Vacum Pump, 5 


4—Heat 12” dia. 11" Ig. 43 steel tubes. 


Mill, like 
2—Louisville Steam Tube Dryers Ox35", 
1—New Louisville Continuous Filtering Machine. 


H. 


LOEB & SON 


EQUIPMENT 


2—Stainless Steel Steam Jacketed Readco Mixers. 


i—#31 
Abbe Pebble & Tube M 


6 Stainless oy 265 gals. cap. jacketed. 
5’x22 


atterson Ball Mill, 


atterson Ball Mill, 42x36, jacket 
—Large Steam Jacketed Horizontal Mixers. 
Type Mixers, 50 & 9 . ft.—like new. 


Steel Tanks 90,000 gals. yt welded — 


3—3/000 gale’ 


& Jewell #2 Cutters with 75 H.P. Motors. 
Day 3-roll Mill 9xI6. 
keted Kettles with Turbo Asitators. 


#10 Day 300 gal. jack ined Sigma Blade M 


New Heat Exc. Cupro 


4 60° wi 
Stainless Model 33-S 
3—4'x8’ Shaker Scree 


6—W P jacketed, heavy duty, sigma 


3—Baker-Perkins Mixers—sam 


i—Abbe 500 gal. Buhrstone Lined J Tacketed Ball Mill. 


Se 4643 LANCASTER AVE. 
PHILADELPHIA 31, PA. 


AIR COMPRESSOR 


Ing-Rand 1442” x 1442” x 10”, Type 
XRE, low press. 35#, 1370 CFM, 1 
stage, 360 RPM, W/150 H.P. Whse. 
sync. motor 3 ph., 440 v., shaft mounted, 
new 1952, fully complete. 


Further inf. upon request. 


PHILADELPHIA TRANSFORMER CO. 


Box 566 Dalton, Pa. 


FOR SALE 


. 1—Day 350 gal. sigma blade STAIN- 
LESS STEEL MIXER. 

3—UNUSED Pfaudler 60 gal. Evaporat- 
ing Dishes. 

1—Fletcher 48” Whirlwind Extractor, 
stainless stee] basket. 

3—Shriver 30° x30" Filter Press Skele- 
tons, gear closing. 


THE MACHINERY & EQUIPMENT CORP. 


293 Frelinghuysen Ave., Newark 12, N. J. 


© ELECTRIC WELD 


TESTED & STRUCTURAL 
Large Warehouse Stocks 
@ SPIRAL WELD ® SEAMLESS 


@ LAP WELD 
© BUTT WELD © CONTINUOUS 


FOR SALE 
PATTERSON 24” x 36” Ball Mill Type 
“DJ"—Jacketed New 1952—Never Used 
GLOBE TRADING COMPANY 
1815 Franklin Street Detroit 7, Michigan 
Wo. 1-8277 


FOR SALE 
1000 FT. 14” LP.S. SCH. 
PRIME STAINLESS STEEL PIPE WELDED 


TYPE 304 ELC IN 10 FT. LENGT 
WRITE FOR OUR STOCK LIST 436 


AINLESS STEEL SALES CORP. 


2TH PH 
TELEPHONE: MARKET 7- 


All Kinds of Oil Refinery and 
Chemical Equipment, also Tanks 
Write — Wire — Phone . 
Weinstein Co., Div. of Surplus & 


Salvage Co., Inc. 
610 West 8th Street ‘Jamestown, New York 


An 
Investment 


Productive advertising 
is an INVESTMENT 
rather than an EX- 
PENDITURE. 


“‘Searchlight”’ adver- 
tisers almost invariably 
report prompt and sat- 
isfactory results. 


BE CONVINCED — 
send us your advertise- 
ment TODAY. 


Address 
Classified Advertising Division 


CHEMICAL ENGINEERING 
P.O. Box 12, N. Y. 36, N. Y. 
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. EQUIPMENT SEARCHLIGHT 


TAKE A STEP — IN THE 


RIGHT DIRECTION 


GELB 


PROCESSING EQUIPMENT 


1—2000 gallon Type 316 Stainless Steel Jacketed 
Reactor 150 PSI internal, 100+ Jacket 

2—Niagara Stainless Steel Filters, Model 510-28 
with Automatic Sluicing device 

1—Niagara Stainless Steel Filter, Model 200-36 
(New) 

1—Stokes Stainless Steel Jacketed Rotating Vac- 
uum Dryer, 6’x10’ (New) 


AUTOCLAVES, KETTLES AND TANKS: 

1—Stainless Steel Vertical Storage Tank, 9000 gallons 

1—Stainless Steel Vertical Storage Tank, 4000 gallons 

3—Stainless Steel Vertical Storage Tanks, 3000 gallons 

3—Stainless Steel Vertical Storage Tanks, 1000 gallons 

1—Van Alst Stainless Steel Jacketed Kettle, 600 gallons 

1—Stainless Steel Jacketed Kettle. 600 gallons, complete with 
Turbo Agitator 

1—Struthers Wells Type 347 Stainless Steel Autoclave, 1000 
gallons, 2000# pressure 

1—Pfaudler 500 gallon, Series R, Glass-lined Jacketed Reactor 

1—Monel Jacketed Reactor, 200 gallons 

1—Stainless Steel Jacketed Reactor, 200 gallons 

1—Glascote 10 gallon Glass-lined Jacketed Kettle, 175 PSI Internal, 
150 PSI Jacket 

5—Pfaudler Glass-lined Vacuum Receivers, 30, 50 and 100 gallons 
(New) 

1—Horizontal Aluminum Storage Tank, 18,000 gallons 

1—Chicago Bridge & Iron Works, 17,000 gal. Pressure Tank, 80 psi 


DRYERS & KILNS: 

1—Allis-Chalmers Rotary Dryer. 7’6” x 64’ 

1—Buflovak Double Drum Dryer, 42” x 120”, ASME Code 

1—Stokes Double Drum Dryer, 5’ x 12’, complete, ASME 

1—Hardinge Rotary Dryer, 5’ x 50’ 

1—Hardinge Rotary Dryer, 7’6” x 55’ 

1—Bartlett & Snow Rotary Dryer, 4’6” x 36’6” 

3—Link Belt Steel Roto Louvre Dryers, Models 207-10, 310-16 and 
502-20 


CENTRIFUGALS: 

2—Sharples Type 316 Stainless Steel Centrifugals, Model D-2 

1—AT&M Stainless Steel Suspended Type Centrifuge with 18” 
perforate basket, complete 

3—Tolhurst Suspended Type Centrifuges, with 32” imperforate 
baskets, complete 

3—Sharples Stainless Steel Super-Pressurite Centrifuges, Model 16Y 

1—DeLaval Type 316 Stainless Steel Multimatic Centrifuge 


FILTERS: 
1—Baker Perkins Ter Meer Type 316 Stainless Steel Centrifugal 
Filter, Model HS-24” 

1—Bird Continuous Centrifugal Filter, 24” x 38” 

1—Sweetland #7 Filter with 20 leaves 
10—Sweetland #12 Filters with 72 Stainless Steel leaves 
1—Republic 15” Flexmaster Stainless Steel Filter, 15 chambers 
2—Ertel Stainless Steel Filters, 12”, 20 leaves 

1—Oliver Rotary Vacuum Filter, Rubber-lined, 3’ x 6’ 

2—Impco Rotary Vacuum Filters, Iron, 5‘ x 4’, complete 


THE GELB GIRL JUNE 1957 


MISCELLANEOUS: 


5—Davis Eng. Type 347 Heat Exchangers, 120 sq. ft. (New) 
5—Davis Eng. Type 347 Heat Exchangers, 200 sq. ft. (New) 
2—Ross Steel Heat Exchangers, 1000 sq. ft. each 

2—Stainless Steel Condensers 85 sq. ft. each 

1—Stokes Model DDS2 Rotary Tablet Machine, complete 
1—Stokes Model R Tablet Machine 

6—Stokes Model F Tablet Machines 

1—Foster Wheeler Dowtherm Unit, 600,000 BTU 

1—Ames 500 HP Steam Generator, 125 PSI 

1—Vulcan Steel Bubble Cap Col. 42” x 30’, 20 trays, ASME (New) 
1—Vulcan Steel Bubble Cap Col. 24” x 30”, 20 trays. ASME (New) 
1—Vulcan Steel Bubble Cap Col. 18” x 25’, 18 trays, ASME (New) 
1—Abbe Engineering Buhrstone-lined Ball Mill, 500 gal., Complete 


2—Stokes Stainless Steel Jacketed Rotating Vac- 
uum Dryers, 3’x10’ 

1—Wyssmont Model R32 Turbo Dryer (New) 

1—Link Belt Stainless Steel Roto Louvre Dryer, 
Model 207-14 

1—Vulcan Type 316 Stainless Steel Bubble Cap 
Column, 3’x41’ with 30 trays 


Established 1896. 


| . CHEMICAL, RUBBER, OIL, PLASTIC and FOOD PROCESSING MACHINERY 


U. S. HIGHWAY No.22, | 
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EQUIPMENT SEARCHLIGHT . . . 


WITH A GUARANTY 
THAT COUNTS! 


Nickel Lined Reactor; 24” x 


6'10” dished heads; Jacketed; 
Agtd. 10 HP. 


Stainless Vacuum Still; 755 Gal. 
4'6" x 6’; coil heated; alum. 
column. 


Ni-Resist Reactor; 7’ x 11/6”; 
Jacketed; Agitated; Manhole 
Top. 


Pfaudier Glass Lined Jacketed 


Reactors; 500 Gal. and 1000 
Gal. 


Mojonnier Stainless Vacuum 
Pan; 3’ x 10’ with Calandria. 


Blaw Knox Stainless Reactor; 
7’ 6" x 7'6"; Jacketed; Agi- 
tated. 


Bethlehem Cast Iron Still; 2,600 
Gal.; 7’ x 7'6”; coil heated; 
rake agitator. 


Patterson Steel 
Gal.; 7’ 
5 HP. 


Kettle; 2,300 
x Jktd. Agitated 


FRED R. FIRSTENBERG, Pres. 


FIRST MACHINERY CORP. 


209-289 TENTH ST 
ROOKLYN 15, N. 


— 
REBUILT EQUIPMENT 


New and Rebuilt 
FANS — BLOWERS 


Save 30% to 50% 
on Stock Shipments 


We can supply all leading 
s of — Rotary Positive 
Blowers 
Centrifugal fons... 
Steel Plate Exhausters . 
fully guaranteed. Whether 
ov need 1 cu. ft. of air or 
00,000 we have the blower 
to do it. We have had 28 
years of exclusive rebuilding 
experience on this type of 
equipment. 


WRITE OR WIRE 
Send us your requirements or 
write complete listings. 


8243 Elmwood Avenve 
SKOKIE, ILLINOIS 


FOR SALE at TALLANT, OKLAHOMA 


CHEMICAL PLANT 


2—8' x 20’ horizontal welded tanks 
—$1000.00 each. 1—6’ x 20’ ditto 
—$750.00 each. All of these have 
phenolic sprayed and baked lining. 


CITIES SERVICE OIL 


KLAHOMA 
Sterling 8-4672 PATRIDGE-BARTLESVILLE, OKLA 
CRUSHERS. JAW—7'2 x 13 Champion, 20 x 4 * NEW STAINLES EQUIPMENT 
Farrel, 15 x 24 Traylor w/40 HP motor, 15 x 24 
Diamond portable w/feeder/conveyor/engine/ * Just Purchased from Gov't. 
CRUSHERS-ROLL—24 x 24 Link Belt, 30 x 30 
Jeffrey single-30 x 16 Chambers double, ‘Allis '4—Jeffrey Vibrating conveyors 9’ long 
almers 9 x 24 (2 high) serrate %&  4—Jeffrey Vibrating conveyors 15’ tone 
SCREE x 5 Tyler 3 deck, 2 x 6 ier 8—Jeffre Feeder. Spreade ers 12x30” 
x8 a5 nderson. Wet Collectors 5270 CFM@75°F 
Hummer type 38-2 dec! x 84” x 
Rotex 2 deck. 3 x 10, Cedar Rapids 2 deck, 4x 8 * 10—Syntron "behatiog Vibrators — HV 55 
x ew obins 
PULVERIZERS—Laborat Raymond _ screen, Send for Details and Prices 
ouble cone GOOD USED EQUIPMENT 
MIXERS—Laborator (Porter) 5 cu. 


G3 & 9 cu. ft. EAG4 


r 
10’ x 48” ball wiles classifier, cyclone prod. 


coll. 
FORK LIFTTRUCKS—2000+ Hyster 12’ lift, 60004 
9’ lift, cab, pneumatics & new Chrysler 
fluid drive. 
MILLS-PEBBLE— i8 x 24, 30 x 24, 60 x 48 (new 
me 6 x 5 pore., 6 x 9 silex, 24 x 24 Rubber 


lined 


20 
2500 CFM to 36,000, Amer’ Bute 


LAWLER COMPANY 
Durham Ave. Liberty 9-0245 Metuchen, N. J. 


$14 Bryont Street © Son Francisco 7, Colif. 


FOR SALE 


FILTER 


1—Brand new, never used Sparkler Model 
18-D-12 filter, complete with pump. Filter- 
ing area approximately 181 sq. it., takes 
space 2.7 cubic ft., capacity 1,000 gph. 
FS-5120, Chemical Engineering, 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 


SEARCHLIGHT 


Equipment 
Spotting 
Service 


This service is aimed at helping you, 
the reader of “SEARCHLIGHT”, to 
locate Surplus new and used equip- 


ment not currently advertised. (This 
service is for USER-BUYERS only.) No 


charge or obligation. 


How to use: Check the dealer ads 
to see if what you want is not cur- 
rently advertised. If not, send us 
the specifications of the equipment 
wanted on the coupon below, or on 
your own company letterhead to: 


Searchlight Equipment 
Spotting Service 


Classified Advertising Division 


Chemical Engineering 
P.O. Box 12, N.Y. 36, N.Y. 


Your requirements will be brought 
promptly to the attention of the 
equipment dealers advertising in 
this section. You will receive re- 
plies directly from them. 


Searchlight Equipment 
Spotting Service 

Classified Advertising Division 
CHEMICAL ENGINEERING 

P. O. Box 12, N. Y. 36, N. Y. 


Please help us locate the following: 
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is 
GUIDE TO TECHNICAL LITERATURE 
Is 
Chemicals and materials 
Construction materials 
1957. 
Mechanical equipment 
Current technical literature is ° 
more information on chemi- 
clo is use one of the prepaid 


postcards inside the back 
cover. Take advantage of 
Chemical Engineering’s unique PRODUCTS INDEX 


Reader Service. 


Chemicals and raw materials.................. 
Equipment and 


INDEX OF ADVERTISERS 


Alphabetical list of firms in this issue 


CHECK LIST OF REPRINTS 


Editorial reports and other reprints............. 


= READER SERVICE POSTCARDS 


Get more information—fast............. 


502 
207 
509 4 
511 
514 A 
516 
509 
521 
526 3 
534 
| 
540 
541 
547 
554 
: 


Ask 
Standard 


how to 
cut costs with 
conveyors 


Although over 19,000 items are stocked, conveyors permit fast and efficient assembly, 
checking and packing — orders ride safely in durable, lightweight tote boxes. 


Milwaukee wholesale drug firm 


ups order-filling 50% with 
3-floor conveyor system 


ITH conveyors, The F. Dohmen 

Company, Milwaukee, Wisconsin, 
designed a system which has permitted 
them to fill upwards of 50% more or- 
ders per day . . . reduce to a minimum, 
excessive overtime costs . . . reduce er- 
rors, delays and merchandise damage. 
Standard belt and roller conveyors 
connect every department in the firm’s 
three-story warehouse. 

This installation is typical of what 
Standard can do to solve material han- 
dling problems. Standard designs and 
builds permanent and portable systems 
and units, using roller, belt, slat, chain, 
pushbar or sectional conveyors — pow- 
er or gravity; also spiral chutes and 
pneumatic tube systems. 

For complete facts, consult STAND- 
ARD CONVEYOR COMPANY, Gen- 
eral Office: North St. Paul 9, Minne- 
8 Sales and Service in Principal 

ities. 


For details on Standard 
Conveyors of all types, 
contact the Standard rep- 
resentative listed in your 
classified phone book or 
write direct. Ask for Bul- 
letin O-6, 


502 


ET 
Floor-to-floor route of conveyor system 
assures minimum wasted motion by em- 


ployees. Above, ‘‘close-out’”” checker 
makes final inspection of orders. 


GRAVITY & POWER 
CONVEYORS 


Want to build up your 
files and keep them up-to- 
date? You can get any publi- 
cation in this comprehensive 
guide — free — just for the 
asking. 

It’s easy—simply circle 
item’s number on the Reader 
Service Postcard and mail. 
Replies will come directly 
from companies offering the 
literature. 


Chemicals 


Alkyl Acid Phosphates Oldbury 
alkyl acid phosphates include 
methyl, n-propyl, n-butyl, amyl, 2- 
ethyl hexyl, lauryl, and_ stearyl. 
Used as catalysts, stabilizers, oil 
additives, antioxidants, etc. 
22C *Hooker Electrochem. Co. 


Aluminum Chloride Methods for 
analysis of aluminum chloride are 
described in detail in 24 p. research 
report 11.57. Includes sections on 
reagents, indicators, standard solu- 
tions, precautions. 

Allied Chem. & Dye Co. 


Ammonium Thiocyanate 
Bulletin 102, 4 p., covers ammonium 
thiocyanate as corrosion inhibitor 
for ammoniating liquors. Results of 
extensive laboratory tests are dis- 
played in graphs and charts. 
502B J. T. Baker Chem. Co. 


Amy! Alcohol 4 p. bulletin F-8517C 
discusses physical properties, speci- 
fications, shipping data, uses and 
physiological properties of primary 
amyl alcohol. Most of the data is in 
chart form. 
502C Union Carbide Chem. Co. 


Benzyl Chloride Bulletin BZYL 
1-57 describes properties, storage 
and handling techniques of benzyl 
chloride. Also usses uses 
bactericides, fungicides, insecticides, 
preservatives. 
502D Heyden Newport Chem. Co.: 


Bonding Agents 2 p. leaflet de- 
scribes a line of rubber-to-metal 
bonding agents. Lists product 
names and _ suggested uses for 
eleven materials. Covers four series 
of cements. 
502E Harwick Standard Chem. Co. 


Catalysts Catalog lists Girdler’s 
full line of catalysts for hydro- 
genation, synthesis of gases and 
hydrogen generation, desulfuriza- 
tion, new catalytic Send 
for Bulletin GC 125: 

191 : *Girdler Co. 


* From advertisement, this issue 
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Catalysts, Platinum ...... Baker- 
developed platinum metal catalysts 
are available in any required con- 
centration of metal—on the carrier 
and in the form suited to your 
Request brochure. 

34 *Baker & Co. 


Chemical Specialties. ..... Price list and 
catalog of 1,500 items on which 
company offers analytical reports 
via subscription. Reports provide 
quantitative and qualitative data 
on specialty items. 
503A Chem. Specialties Labs. 


Chemical Specialties...... Aimed _ at 
building product specialty, water- 
proofing and paint manufacturers, 
new folder titled “How to Diversify 
Your Product Line” discusses four 
profitable products. 

3B Gas Purifying Prod. Co. 


Chemicals...... 22 p. booklet lists com- 
pany’s line of industrial chemicals 
and pictures many of its facilities. 
Products include electroplating 
salts, fluorides, vinyl stabilizers. 
Send for your copy. 

Harshaw Chemical Co. 


Colloids...... 4 p. bulletin lists 44 col- 
loidal and semicolloidal dispersions 
of graphite, molybdenum, disulfide, 
mica, vermiculite, zinc oxide, acety- 
lene black, copper and_ glass. 
Physical data, uses. 
503D Acheson Colloids Co. 


Coloring Agents...... 12 p. brochure 
describes ay new line of 
vegetable coloring in the yellow-to- 
orange range offered commercially 
in both water soluble and oil 


soluble types. 
503E S. B. Penick & Co. 


Corrosion Inhibitor...... “New Way to 
Solve Corrosion Problems,” 4 p., 
describes a new corrosion inhibitor 
said to be effective with ferrous 
metals, aluminum and magnesium. 
Request your copy. 
503F Virginia-Carolina Chem. Co. 


* From advertisement, this issue 
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Bubbles in boiling liquid were “frozen” with stop motion by photographer Bernard Hoffman. 


Controlling Temperature 
in Fluid Engineering 


Heat is generally only one part of your problem. Pressure, 
abrasion or corrosion factors usually must be taken into 
account, too. So if your past experience offers no precedent, 
you can look to S. Morgan Smith’s specialized engineering 
leadership for assistance. 


A number of materials are available to meet extreme work- 
ing conditions. Here the broad SMS background combines 
with specialized valve engineering to help you. Perhaps 
R-S Butterfly Valves can be applied to control volume and 
flow at high temperatures. Or, if heat and corrosion make 
extremely accurate timing and fast, drop-tight closure a 
tough problem, an SMS Rotovalve could be the answer. 
Whatever your special processing needs, you can get help 
in protecting your equipment investment. 


There is a full SMS line — standard R-S Butterfly Valves 
ready for fast assembly and shipment from stock, Roto- 
valves and Ball Valves. A call to our nearest representative 
will bring information. Or, write S. Morgan Smith, York, 
Pa., for data on standard valves or special applications. 


HYDRODYNAMICS 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovalves Bail Valves R-S Butterfly Valves Free-Discharge 
Valves * Liquid Heaters * Pumps ¢« Hydraulic Turbines & Accessories 
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for mixing 
Silicone rubber compounds 
BAKER PERKINS mixers are chosen 
for high production and 

extreme 
cleanliness 


At the Dow Corning silicone plant in Midland, Michigan, some of the first 


pages in the history of silicone rubber were written. Today in Dow Corning’s large, 
modern Silastic* building, Baker Perkins chemical mixers such as the one 
shown here, are steadily at work, busily filling the demand for this 


new product of chemical research. 


Dow Corning engineers, with years of experience in silicones, invariably choose 


rugged, dependable B-P mixers because these machines get out a record 


volume of silicone rubber production with a minimum of lost time in cleaning and 


servicing. Dust-tight, these B-P mixers assure perfect product cleanliness. 


All B-P mixers are constructed in iron, steel, or alloys suitable for the material 


to be handled. In addition, they can be built for vacuum operation, 


and are particularly suited to mixing and drying heat-sensitive materials that 
go through a wide range of physical states, such as from a liquid to a 


plastic, to a powder . . . in one continuous operation. 


Call on your Baker Perkins Sales Engineer today. His long experience 
is yours for the asking. 


*T.M. Dow Corning Silicone Rubber 


KINS INC. SAGINAW, MICHIGAN 


346 
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LITERATURE . . 


Diisocyanates ...... Technical Bulletin 
I-17, 24 p., discusses typical 
reactions and suggested uses of 
company’s line of diisocyanates. In- 
cludes a comprehensive bibliogra- 
phy with 132 entries. 
504A Allied Chem. & Dye Corp. 


Elastomers ...... Maintenance paints 
based on Hypalon resist ozone, oxi- 
dising chemicals, heat and weather, 
come in stable colors. Neoprene 
hose recovers original properties. 
Elastomers Notebook. 

117 *E. I. du Pont de Nemours. 


Epoxies...... Describes this company’s 
service in custom molding epoxy 
— Covers compression and 
ransfer techniques available for 
custom molding of electronic and 
chemical resistant products. 
504B Epoxy Products, Inc. 


Epoxy Resins...... Bulletin EP-56-65 
describes a new plastic material 
which can be cast in any thickness 
yet is said to possess the lowest 
shrinkage of any cast epoxy manu- 
factured to date. 
504C Furane Plastics Inc. 


Essential Oils...... 12 p. brochure lists 
up-to-date wholesale prices on 
company’s essential oils and other 

roducts including aromatic chem- 
cals,, fixatives, colors, balsams 
gums, sundries. 
504D Fritzsche Bros., Inc. 


Ethylene Amines...... 8 p. bulletin No. 
F-8163A tabulates physical 
ties and specifications of ethylene 
amines. Describes their application 
in agriculture, chelating, polya- 
mides; textile. 

177 Carbide & Carbon Chem. Co. 


Fluorides...... Harshaw fluorides serve 
many industries. Their top ranking 
is the result of rigidly controlled 
uniformity and quality. Request 
Harshaw’s book on hydrofluoric 
acid anhydrous. 

210 *Harshaw Chemical Co. 


Fungicide...... “Fungitrol 50 For Color- 
less Non-Toxic Cordage Preserva- 
tion” discusses a fungicide, a syner- 
gistic mixture containing zinc, 
which can be used from both water 
and solvent systems. 
504E Heyden Newport Chem. Co. 


Glycols...... Diethylene glycol and tri- 
ethylene glycol are discussed in new 
16 p. bulletin F-8085. Data on phys- 
ical and physiological properties, 
specifications, shipping containers, 


uses. 
504F Union Carbide Chem. Co. 
Graphite...... 4 p. catalog section 


S-5050 contains a large table rec- 
ommending the grade of company’s 
impervious graphite and resin base 
cement to be used in a wide variety 
of commercial applications. ‘ 

504G National Carbon Co. 


Industrial Cleansers...... Catalog page 
describes a waterless hand cleaner 
and two protective hand creams for 
industrial workers. One cream 
counters kerosene, paints; the other 
guards against acids, bases. 

504H Boyer Campbell Co. 


Isophthalics ...... Brochure includes 
complete descriptions and detailed 
specifications of company’s new 
isophthalic acid alkyds. Covers an 
unusual short oil alkyd which uses 
many new raw materials. 

5041 Reichhold Chemicals, Inc. 
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eti Lithium...... 16 p. booklet defines a MOTORS 
pical range of lithium chemicals in terms 
S_ of of their properties and unique 
- In- aspects. Such uses as automotive 
sta greases, ceramics, air conditioning 
are discussed. 
/Orp, 505A American Lithium Inst. 
Methionine...... Recent study reports 
Oxl- evidence that methionine is bene- 
her, ficial to Vitamin C metabolism and 
rene to adrenal gland functioning. 
ties, Methionine increased the Vitamin 
Cin the adrenal gland of animals. 
urs, 71-2a *U. S. Industrial Chem. Co. 
ny’s Ozone...... Welsbach ozone is versatile 
OXY in its applications and now in cost. 
and Is finding more and more applica- 
for tions in industry. Used, for exam- 
and ple, as an oxidant in the manufac- 
ture of cortisone. Booklet. 
Inc. 520 *Welsbach Corp. 
5-65 Phosphates, Tributyl..... . Request 
rial sample, technical data sheet and in- 
1€SS formation on utilization of TBP in 
vest brine-type refrigeration units and 
nu- other heat exchange systems. Ma- 
terial available upon request. 
Ine. 175 *Commercial Solvents Corp. 
Offers new 14 A COMPLETE LINE 
chure describing currently available 
nd grades of low sealecuieg weight A-C OF CHEMICAL MOTORS 
‘m- olyethylene. Gives actual and sug- 
ms — versatile — 56 THRU 680 
olymers. Bulletin No. 116. 
ne. is *Semet-Solvay Div. /20 THRU 300 HP 
No. Potash, Caustic ...... Offers: solid, 
er= flake, granular, broken, crushed, ALSO 
ne powder, walnut, at 90% strength; 
ion solid and flake, at 85% strength; A COMPLETE LINE 
at 45% strength. OF EXPLOSION PROOF 
etails in bulletin. 
30. 222e *Hooker Electrochem. Co. 
‘ve Rauwolfia...... First supplement to 
ng “Rauwolfia and its Alkaloids: A 
ed Bibliography” lists 223 additional 
2st literature references. They cover 
ric chemistry, pharmacology, pharma- 
: cognosy, therapeutic uses. 
/0. 505B S. B. Penick & Co. 
has EXPERIENCE . . . PROVEN PERFORMANCE. OTORS 
Zi ploneered scores of super reirac- There is no substitute for the reliability of prov- ~ M 
1c, en performance . . . Top Names of the Nation's 1/20 HP thru 
er quirements. For details, request Industry have proven 6 performance in 2500 HP 
0. arborundum Co. 
ra re VERSATILITY . . . WIDE RANGE OF DESIGN. 
i- Silicon...... 20 p. mon 
of and its Single Phase . . . Polyphase . . . Direct Cur- 
s- Properties to the Electronics Indus- rent NEMA Standard . . . or Special Design GENERATORS 
aE can design to meet your special specifica- 1/2. KW thru 
semiconductors. 
n Silicones. ..... New instructional leaflet There is an District Office near you... 
‘or Call our Sales Engineer TODAY to help solve 
e molding. Discusses relative advan- your motor problem. 
y tages and limitations of all types of 
agents. 4 p. 
». 505D Dow Corning Corp. 
: * From advertisement, this issue 
1 
Any bulletin or catalog .. . 
. yours for the asking “WRITE DEPT. 21, 
; WAUSAU, WIS. 
You can get any publication in 
this literature listing by circling 
its key number on the Reader 
MARATHON(|) ELECTRIC | 
cover). Replies will reach you 
direct from the manufacturers. HOME OFFICE AND FACTORY, WAUSAU, WIS. fa, FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 
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AIRLOCK 


_ for practically EVERY process 
requirement 


For low pressure dust control systems where the pres- 
sure differential ranges from 0 to 12” w.g. Available in 
6”, 8” and 10” sizes—cast iron construction and rotors 
equipped with renewable wiper strips; with or with- 
out drives. 


For higher pressure dust control or pneumatic 
conveying systems where pressures may range 
up to 5 to 10 psi. Features life time lubricated 
sealed ball bearings and special shaft seals for 
heavy, continuous service. Built in 6”, 8”, 10” 
and 12” sizes; with or without drives. 


BLOW-THRU 


Ideal for feeding flour or any 
similar product into pneu- 
matic conveying lines, against 
ressures up to 15 psi. Built 
o 8” and 10” sizes serving 2” 
and 3” lines re- 
spectively. Available with or Bulletin P-55 contains complete specifica- 
without drives. tions and data—sent promptly upon request. 


Foremost Builder of Rotary Airlochs 


PRATER PULVERIZER COMPANY 
1517 SO. 55th COURT + CHICAGO 50, ILL. 
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Soda, Caustic Company offers 
Caustic Soda Engineering and Han- 
dling Guide, Bulletin 102; Caustic 
Soda Buyer’s Guide. Bulletin 101 
and technical data sheet. Company 
makes all available upon request. 
222d *Hooker Electrochem. Co. 


Sodium Dispersions New 44-page 
bulletin on techniques and equip- 
ment for using sodium dispersions 
in pilot plant and full scale reac- 
tions. Higher yields, economy, new 
uses. “Sodium Dispersions.” 
71-2b *U. S. Industrial Chem. Co. 


Sodium Metasilicate, Anhydrous 
Drymet anhydrous sodium metasili- 
cate, when formulated with indus- 
trial cleaners and detergents, gives 
more soil-loosening and _ soil-dis- 
persing power. File Folder. 

B532 *Cowles Chemical Co. 


Sodium Nitrite Sodium _ Nitrite 
used, alone & in combination with 
other materials, for cleaning, neu- 
walizing & protection of metals in 
diverse applications. “Sodium 
Nitrite for Rust & Corrosion Pre- 
vention.” 

179 *Solvay Process Div. 


Sodium Sulfhydrate 
sodium sulfhydrate dissolves rap- 
idly, even in cold water. There’s 
virtually no sedimentation even 
after long standing. Available in 
90-lb. & 350-lb. drums. Data Sheet. 
2224 *Hooker Electrochem. Co. 


Sodium Sulfide The clean, strong 
flakes dissolve right into process, 
even without stirring. No waiting- 
no decanting. For information on 
Hooker’s sodium sulfide, request 
your Data Sheet. 
222b *Hooker Electrochem. Co. 


Surface Active Agents New bulle- 
tin gives technical data on the 
seven types of surface agents 
offered by company. Basic formula- 
tions, data for testing effectiveness, 
storage and handling data. 

06A American Cyanamid Co. 


Surface Active Agents 12 p. bro- 
chure describes a new line of all- 
weather asphalt  anti-stripping 
additives. Details on uses, test re- 
sults. Products are cationic surface 


active agents. 
506B Armour & Co. 


Vinyl Plastisols Portfolio titled 
“Plastisolutions to Your Finishing 
Problems” discusses potential uses 
for vinyl plastisol finishes in a 4 E 
brochure. Also contains five da 
sheets. 
506C Stanley Works. 


New brochure describes com- 
pany’s line microcrystalline 
waxes. Defines differences between 
paraffin waxes and microcrystalline. 
Surveys specifications in various 
grades. 
506D Bareco Wax Co. 


Zirconium 8 p. brochure, “More 
Zr Facts,” discusses uses of zir- 
conium’s corrosion resistant prop- 
erties in various types of atomic 
reactors and in chemical processing 
applications. 
506E Carborundum Metals Co. 


1 7 p. bibliography on 
applications and properties of zir- 
conium and alloys. Covers mechan- 
ical, physical, electrical, chemical 
and nuclear properties, information 
on ore deposits. 
506F Columbia-National Corp. 
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12 p. illustrated booklet 
describes uses of zirconium and 
their mechanical 
physical properties and company’s 
sodium process for the 
metals. Fabrication 
507A U.S. Industrial Chem. Co. 


Construction Materials 


oncrete ...... Brochure, “Permanent 
Repair and Restoration of Cracked 
and Spalled Concrete and Other 
Masonry Structures,” instructs on 
how to use epoxy-based industrial 

alloys. 
Permagile Corp. of Amer. 


Concrete, Pre-Stressed...... New 4-page 
bulletin describes design and appli- 
cation advantages of pre-stressed 
concrete for the construction of 
storage tankage, fire walls, butane 
or propane storage vessels. 
507C Preload Co. 


tings...... There are three Norton 
Rokide coatings: Rokide “A” alumi- 
num oxide, Rokide “ZS” zirconium 
Silicate and Rokide “Z” stabilized 
zirconia. Proved in such applica- 
tions as reaction motors. 
201 *Norton Co. 


Coatings, Masonry ...... Insul-Mastic 
offers six ies of coatings which 
provide economical solutions to 
many masonry problems. These 
coatings come in white, clear and 
colors. Write for information. 
83d *Insul-Mastic Corp. of Am. 


Coatings, Mastic...... Insulating mas- 
tics with new Fire-Redtrdant insu- 
late a metal surface against reach- 
ing 1000 degrees F. for 30 minutes 
under 2000 degrees F. flame. Longer 
lasting, stable protection. 
83a *Insul-Mastic Corp. of Am. 


Coatings, Poly-Ply...... Poly-Ply is a 
safe, simple and lasting way to 
coat, line and repair industrial 
equipment. It is applied cold. Insul- 
Mastic Corp. offers full information 
on this product. 
83c *Insul-Mastic Corp. of Am. 


Coatings, Protective...... 4 p. bulletin 
describes a coating designed to 
solve home maintenance problems, 
said to be suitable for exterior and 
interior use and to be both weather- 
proof and waterproof. 

D Tuff-Kote Co. 


Coatings, .Protective...... Catalog de- 
scribes Amercoat protective pn 
systems for corrosion control. Out- 
lines corrosion control services: 
assistance in selection, help write 


specifications, etc. 
423 *Amercoat Corp. 


Conta Protective...... Color-Coat is 
a lasting color finish for Insul- 

Mastic protective coatings and con- 
9 rick, cinder block, metal 


Coatings, Protective Banat: Tygorust & 
Tygon “ATD” are companion 
ucts to make your fight against cor- 
rosion less costly—more effective. 
You can x4 better protection. See 
ue Manual.” 

136 S. Stoneware Co. 
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corbon dioxide and wet chemical 


Point horn, pull trigger, fire’s out! 
That’s all it takes to knock out 
deadly fire with instant-action 
Kidde dry chemical portable 
extinguishers! So easy to use, even 
inexperienced operators get 
perfect fire-fighting results. Kidde’s 
patented diffuser hc~n spreads dry 
chemical powder over wider 

area for greater fire-killing power. 
Trigger-release means faster 
action, feels more natural in the 
hand. Pick the Kidde dry chemical 
portable to fit your needs: 5, 10 Ib. 
pressurized (recharged at any 
commercial air pump), 20, 30 Ib. 
cartridge operated. For more 
information on dry chemical, 


Kidde 


Walter Kidde & Company of Canada Ltd. 
Montreal — Toronto 


Walter Kidde & Company, Inc. 
628 Main St., Belleville 9, N. J. 
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IF VISCOSITY 
IS ONE OF YOUR 
PRODUCT’S DIMENSIONS 


Brookfield 8-speed Viscometer wil| 
answer every measurement problem! 


Why not invest a three-cent stamp and see what we mean? Our illustrated 
brochure shows you how the Brookfield 8-speed viscometer and spe- 
cialized accessories will answer every viscosity measurement problem you 
may have. You'll see how this one, easily operated, portable instrument 
will provide precise measurement readings directly in centipoises. Even 
in applications involving extremes in viscosity, temperature or corrosion! 


Complete information will be yours, too, about the 
Brookfield Helipath Stand. With it, it’s easy to test, 
study and control highly-plastic materials, gels and 
semi-gels. It automatically lowers a Brookfield Viscom- 
eter equipped with a special bar-type spindle through a 
helical path providing constant measurement of undis- 
turbed material. Write for full information today. 


WORLD’S STANDARD FOR VISCOSITY MEASUREMENT 


ENGINEERING LABORATORIES INCORPORATED 
STOUGHTON 93, MASSACHUSETTS 
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Fabrication Metal “Facilities & 
Products,” with information & pho- 
tographs which show why company 
can turn out—at low cost—special- 
ized heavy equipment for chemical 
plants, available on request. 

126 *Newport News Shipbuilding. 


Fabrications, Plastic American 
Agile, a pioneer in the field of 
fabrication and welding of polye- 
thylene and polyvinyl chloride, has 
experience, specialized skills, pro- 
duction facilities. Brochure. 

522 American Agile Corp. 


Laminates, Low Pressure Bulletin 
covers low pressure laminates for 
corrosion resistance, electrical in- 
sulation, high strength and un- 
imited shapes. Company offers 
further information. 

Carl N. Beetle Plastics 


Metals, Talide Tungsten carbide of 
superior quality, is harder, stronger, 
and more resistant to abrasion than 
and other metal. Superior where 
wear, heat and strain are destruc- 
tive. Catalog 56-G. 

98 *Metal Carbide Corp. 


Porcelain Enamel Porcelain 
Enamel in Industry tells about the 
advantages and unique features of 
porcelain enamelling. Common uses 
mentioned include meter dials, 
Instruction plates, oil-seal shoes. 
508B Erie Ceramic Arts Co. 


Rubber & Plastic Materials Piping 
pumps, valves and tanks have a 
wide range of temperatures, pres- 
sure, impact resistance. For details 
about Ace rubber and plastic ma- 
terials, request Bull. CE-50. 
365e *American Hard Rubber Co. 


Steel, Plastic Devcon is a plastic 
steel which is 80% steel and 20% 
plastic. Use Devcon for metal form- 
ing and for lathe fixtures, for hold- 
ing irregular pieces, etc. Request 
Bulletin N1-101. 
508C 


Devcon Corp. 


Steel, Stainless A 40-page booklet 
“Stainless Steel Report to the Tex- 
tile Industry” gives detailed infor- 
mation on the textile industry. One 
section deals with corrosion re- 
sistance to textile media. 
508D Allegheny Ludlum Steel 


Steels, Corrosion-Resistant 
on the _ application, corrosion- 
resistance, properties and work- 
ability of Carpenter alloys B and C 
are found in a bulletin now avail- 
able from the supplier. 
508E Carpenter Steel Co. 


* From advertisement this issue 
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You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 
direct from the manufacturers. 
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Steels, Stainless...... Company offers 
informative 44 p. booklet, “Making 
the most of Stainless Steels in the 
Chemical Processing Industries.” 
Dozens of grades 
are available to y 
123 *Crucible Steel | Co. of America. 


Steels, Stainless...... Wide selection of 
carbon, alloy and stainless steels in 
bars, structurals, plates, strip, 
sheets, tubing, reinforcing products, 
industrial plastics, tools, machinery, 
etc. Catalog 
234a *Jenenht T. Ryerson & Son. 


Steels, Stainless, Aircraft...... Ryerson 
manufactures stainless steel bars, 
sheets, strip, and plate to U. S. Gov- 
ernment and Aeronautical specifi- 
cations. Send for Ryerson Aircraft 
Steels booklet. 
234b *Joseph T. Ryerson & Son. 


Titanium ...... Shows resistance to 
chloride solutions and retains use- 
ful strength up to 800-1000F. Other 
advantages and data on application 
and fabrication of titanium alloys 
in Rem-Cru Review. 

48-9 *Rem-Cru Titanium. 


Varnish, Epoxy...... Bulletin discusses 
Alliseal epoxy varnish L. A. V6250— 
tank life and shelf life, thermal en- 
durance, resistance to contamina- 
tion, mechanical strength, good 
varnish practice, etc. 
509A Louis Allis Co. 


Varnish, Insulating...... Bulletin dis- 
cusses Alliseal clear heat reactive 
insulating varnish L.A. V6350—tank 
life and shelf life, thermal endur- 
ance, resistance to contamination, 
mechanical strength, etc. 

Louis Allis Co. 


Company’s new, Zir- 
conium publication, “More Zr 
Facts,” is designed to provide the 
first p source of zirconium 
technical data to industry. Place 
your name on the mailing list. 
349 *Carborundum Metals Co. 


Electrical & Mechanical 


Batteries...... You'll find the full story 
on Goulds new “Thirty” industrial 
truck battery in Bulletin GB1567B. 
It gives full construction details, 
and engineering specifications for 
three sizes. 
509C Gould-National Batteries. 


Bearings-Bushings-Washers ...... 
Chempro’s new Style FM-4 bear- 
ings, bushings, washers, etc., give 
service in pumps, mixers and re- 
actors operating under corrosive 
conditions. +etails in Bulletin 


CP554. 
L546 *Chemical & Power Products. 
Drives, Worm Gear...... New 16-page 


illustrated brochure, “Finger Tip 
Facts on Cleveland Worm Gear 
Drives,” provides useful summary 
information on complete standard 
line of speed reducers, worm gear 


sets. 
509D Cleveland Worm & Gear Co. 


Fastenings ...... 150,000,000 standard 
fastenings-boits, nuts, screws, rivets, 
washers, are ready for immediate 
delivery. Results of independent 
laboratory tests prove superior 
em. Form No. 126. 

362 *H. M. Harper Co. 
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POLYMERIZATION NEWS! 


BROOKFIELD 
VISCOMETRAN 


Now used successfully for 
end point determination 
and continuous “in-process” 


viscosity recording. 


Successful “in-process” viscosity 
measurements have been reported for 
polystyrene, polyvinyl acetate, poly- 
urethane resins, and urea-formalde- 
hyde resins, 


Brookfield’s process mounted viscom- 
eter, the Viscometran, has been used 
to chart the course of polymerization 
and to signal correct end point. Its 
use has eliminated the need for con- 
stant sampling, assured greater prod- 
uct uniformity, and guarded against 
run-away reactions. Its service in ap- 
plications having pressures from 
vacuum to 100 psi where gas purging 
is possible has been remarkably trou- 
ble free and dependable. Unaffected 
by variations in liquid level, and easy 
to clean, the Viscometran continu- 
ously and accurately senses viscosity 
— a variable that can very well be 
fundamental in your process. 


For new application data sheet write or wire: 


INCORPORATED 


ENGINEERING LABORATORIES 
STOUGHTON 93, MASSACHUSETTS 
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23 
Spraco full 


-cone, free-flow 


Spraco welcomes your spray 
nozzle problems. As a leading 
consultant to industry for over 
42 years, we are at the fore- 
front in special nozzle 
development. 


860 gpm at 5 psi. This photo was taken at 1/5000 sec. 
shutter speed .. . at this speed the pulsations of the pump are apparent in the spray pattern. 


RADICALLY NEW! 


full-cone FREE-FLOW nozzles 


nozzle dischargi 


3 


from SPRACO 


Spraco’s totally new, full-cone free-flow 
nozzles have been specially developed 
for high capacity, low pressure installa- 
tions where clogging is a problem and 
full-cone spray pattern a_ necessity. 
Streamlined internal vane construction, 
with maximum vane openings, offers 
minimal flow resistance, virtually eli- 
minates clogging. 


STANDARD MATERIALS — bronze, 
cast iron, or stainless steel. Or, to order 
from any cast machineable material. 
SPRAY CHARACTERISTICS — 
uniformly distributed full cone spray. 


PIPE CONNECTION — 4’-8’. 
CONNECTIONS — screwed or flanged. 


APPLICATIONS — cooling towers, chem- 
ical processing, coke quenching, aera- 
ting and purifying water supplies, 
cooling ponds, packed towers, absorp 
tion towers, etc. _ 


nozzle catalog. A complete o 
selection of standard nozzles 
are available from stock. 


Write today for free, 30-page 


SPRAY ENGINEERING COMPANY 


115 Central Street, Somerville 45, Mass. 
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Harper 
f mic desi; 

] of economic design, wi 
greater stre and durability, 
without scrap loss. Flo-Form Cat. 
363 *H. M. Harper Co. 


ds Co. 


Gaskets...... Chemiseal teflon jacketed 
gaskets for standard flanges and 
a steel connections and 
or corning conical flanges, also 
reducers. gives details in 
Catalog No. 
361b *U. S. Gasket Co. 


Motors...... Complete condensed motor 
catalog covers: cross reference be- 
tween old and new NEMA ratings 
both hp and dimensions; current 
pricing for 1/20 through 1000 hp; 
standard motor modifications. 

505 Marathon Elec. Mfg. Co. 


Motors, Chemical ...... New motor 
Specifically designed and _  con- 
structed to withstand corrosive 
conditions encountered in chemical 
plants, oil refineries, sulphur plants, 
etc. See Bulletin 1050. 
424 Louis Allis Co. 


Motors, Electric...... New line of L.A. 
open drip-proof motors feature: 
modern styling, improved lubrica- 
tion, greater protection, dependable 
insulation, etc. For complete details, 
see Bulletin 1700. 
510B Louis Allis Co. 


Motors, Electric...... Wagner Incre- 
ment Motor-Starter Combinations 
provide low cost control, meet the 
polyphase motor starting recom- 
mendations of the AEIC-EEI- 
NEMA. Write for Bulletins MU-128 


and MU-195. 
455 *Wagner Electric Corp. 
Motors, Weather Protected...... Fea- 


tures which contribute to the out- 
door dependability of Type FOD 
weather-protected motors in 
ratings from 250 to 900 hp. are dis- 
cussed in Bulletin 51B8606A. 

510C Allis-Chalmers Mfg. Co. 


designed weather-protected motors 
need no protective enclosures, pro- 
vide ventilating system, removable 
air ducts, stator assembly. Bulletins 
51B8606A, 05B7894. 
90 *Allis-Chalmers Co. 


Packings, Mechanical...... In Bulletin 
P-325 you’ll find complete service 
and technical details on chemically 
inert mechanical packings fabri- 
cated from Tefion. Includes specific 
recommendations on applications. 
510D Crane Packing Co. 


Packings, Ring...... Chemlon' Teflon 

kings solve —_ corrosive and 

xic liquid problems at tempera- 

tures from —120 degrees F. to +500 

degrees F. without fear of product 
contamination. Bulletin P-325. 

385 *Crane Packing Co. 


Packings, Teflon...... “Teflon” is used 
because it is impervious to indus- 
trial acids and caustics; has no 
known solvent; has zero water ab- 
sorption; is unaffected by weather. 
“Teflon” Accessories booklet. 

392 *Raybestos-Manhattan. 


* From advertisement, this issue 
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Potentiometers, Transmitting...... Bul- 
letin describes Series 184A trans- 
mitting potentiometer pyrometer 
and Series 184E transmitt poten- 
tiometer millivoltmeter. details 
in Bulletin MTT810. 
511A Manning, Maxwell & Moore. 


Seals, Mechanical, Rotary...... Com- 
pany announces the of 
an 8 p. reference which shows how 
you get maintenance-free sealing 
that slashes fluid mixing cost to a 
new low. Bulletin B-111. 
321g *Mixing Equipment Co. 


Transformers...... Written for indus- 
trial maintenance people, booklet 
“Timely Tips on Transformer 
Maintenance” covers general in- 
spection procedures, classification, 
drying out and connections. 
511B Westinghouse Electric Corp. 


Handling & Packaging 


Bag Packer...... Newest Kraftpacker 
automatic open-mouth-bag filling 
machine described in a new bro- 
chure accommodates weights from 
25 to 200 lb. Users report average 
rate 18 bags/min. for full-days runs. 
511C Kraft Bag Corp. 


Belts, V...... How you can prolong belt 
life, increase drive efficiency and 
assure full continuous production 
are told in new 12-page bulletin 
20X%6234C, “Longer Belt Life for 
Your V-Belt Drives.” 
511D Allis-Chalmers Mfg. Co. 


Belts, V...... “What do you do when 
V-belts stretch or break” poses and 
answers questions on V-belt main- 
tenance, inventory, wear and vibra- 
tion. The four-page folder features 
Veelos adjustable-link V-belting. 
511E Manheim Mfg. & Belting Co. 


Containers, Bulk...... How you can 
save by shipping chemicals in cor- 
rugated bulk containers is discussed 
in a new 4-page brochure. Included 
are case histories of successful 
chemical industry uses. 
511F Gaylord Container Corp. 


Conveyor, Belt...... Bulletin on Tru- 
Trak steel belt conveyor explains 
and illustrates how V-ropes bonded 
to the underside of steel conveyor 
belts travel over grooved sheaves to 
maintain belt alignment. 

Sandvik Steel 


Conveyors...... Several new engineer- 
ing advances in flow equipment are 
featured in a new materials han- 
dling equipment catalog. Look for 
hydraulically controlled portable 
power belt conveyor and others. 
511H Speedways Conveyors. 


* From advertisement, this issue 


Any bulletin or catalog . . . 
yours for the asking 
You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 
direct from the manufacturers. 
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Linked to liquid level by infallible 
magnetic force, Magnetrol is free 
from the limitations inherent in 
mechanical or electrical controls. 
With the actuating magnet rated at 
98% of initial strength after 30 years, 
Magnetrol has infinite operating life, 
with pxactically no maintenance at 
all. There are no wearing parts to 
get out of order. 


What’s more, Magnetrol’s simple 
operating principle permits easy, 
economical modification of standard 
units to meet avy pressure, temper- 
ature or corrosion requirements. 
That’s why there’s practically no 
limit to Magnetrol’s use. It’s also 
why “specials” are likely to be stand- 
ard with us. Magnetrol units control 
level changes from .0025-in. to 150-ft. 
—with single or multi-stage switching. 


MAGNETROL, Inc. 


@ SEND COUPON FOR DETAILS y 


, Inc. 2124 Marshall Bivd., Chicago 23, Illinois f 
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macnetron 


As SIMPLE and 


Dependable 
as the Pull of a 
MAGNET! 


A sleeve, raised 
and lowered withe 
in a non-magnetic 
tube, attracts or 
releases an Alnico 
magnet attached 
to a mercury 
switch. Basically, 
this is Magnetrol. 


MAGNETROL 


The Simplest, Most Versatile 
LIQUID LEVEL CONTROL 
Ever Devised! 
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E-D Filter Paper Makes 


Excellent Cover For Cloth 
Or Other Filter Media 


Provides Greater Clarity Of Filtration 
And Prolongs Life Of Filter Medium 


FILTERTOWN, USA. Field reports prove that there is an 
increasing use of E-D filter papers, with the greatest demand for 
grade # 953, as a cover for cloth or other filter media in industrial 
filtration. To date, this practice has been widely adopted in 
plants which process oils, including coconut, cod liver, corn, 
cooking, linseed, soybean, and vegetable oil. These plants manu- 
facture margarine, salad oil and shortening, soaps, paint, var- 


nish, and many other products. 


Great Savings In Time And Money 


Actual experience, in hundreds of 
cases, has proven to the satisfaction 
of production officials that it is far 
more economical to cover the cloth 
or other filter medium with E-D 
filter paper and then, when the press 
needs redressing, to simply peel off 
the paper, discard it, and replace 
with a clean E-D filter paper cover. 
Substantial savings in press running 
time are made. 

E-D filter paper holds up solid 
particles to such a degree that there 
is often little need for recirculating 
the slurry to obtain an adequate 
cake deposit for clear filtration at 
the start of a cycle. 

Moreover, the E-D filter paper 
protects the filter medium from 
slimy fines, thus prolonging its use- 
ful life, saving additional money on 
media expenditures. The cost of 
E-D filter paper is so little, in com- 
parison with the cost of other filter 
media, that these savings are 
important. 


Greater Clarity Of Filtrate Obtained 


Because of its fine porosity and 
unique uniformity of ‘furnish, grade 
#958—as well as the many other 
grades of E-D filter paper—obtains 
exceptional clarity of filtrate. Many 


512 


degrees of rapidity and porosity are 
available in the more than 50 regu- 
lar grades manufactured by The 
Eaton-Dikeman Company. Special 
grades are also made to meet indi- 
vidual requirements. 


Free Samples Available 

Actual tests made at the user’s 
plant furnish convincing proof of 
the many advantages that are pos- 
sible. Simply write for E-D’s Filtra- 
tion Analysis Report. When the 
necessary facts are supplied, you 
will receive several recommended 
grades, cut to your own size and 
specifications, at no charge. Make 
the necessary test runs and you will 
soon be able to determine the bene- 
fits for yourself. There is no charge 
or obligation for this service. 

Write to Thomas H. Logan, Jr., 
eare of The Eaton-Dikeman 
Company, Filtertown, Mount Holly 
Springs, Pennsylvania for prompt 
attention. 

This company is the only com- 
pany in America that is exclusively 
engaged in the manufacture of filter 
paper for science and industry. 
Authorized representatives and 
dealers are located in every section 
to provide service and helpful! infor- 
mation on all problems relating to 
liquid filtration. 


LITERATURE .. . 


Conveyors Standard designs and 
builds permanent and rtable 
systems and units, using roller, belt 
Slat, chain, pushbar or sectio 
conveyors—power or gravity. Spira] 
chutes, etc. Bulletin 0-6. 

502 *Standard Conveyor Co, 


Rugged, flexible hand-tooi 
that works around corners and ob- 
structions to remove old packing 
from stuffing boxes. All steel, tem- 


pered steel corkscrew bit, six sizes. 
Dura Hook Bulletin CEDI. 
B531 *Durametallic Corp. 


S-A Standard and “Hi- 
Type” SWIVELOADERS in Cata- 
log 854, S-A Box Car Loader in 
Catalog 948, full line of materials 
handling products ready for imme- 
diate shipment in Catalog 60. 
421 *Stephens-Adamson Mfg. Co. 


Loaders, Tractor Compact Tracto- 
motive TL-6 Tractor-Loader quick- 
ly unloads boxcars, travels through 
narrow isles and doorways, makes 
hairpin turns around columns and 
Request product bulletin. 

3 Tractomotive Corp. 


Pulleys, Welded Conveyor 
letin 5781 are described welded steel 
conveyor pulleys for belt conveyor 
and bucket elevator systems. In- 
cluded are drum types and self- 
cleaning wing types. 
512A Chain Belt Co. 


Howe Scale Catalog No. 11 
is a handy reference featuring the 
peer scales from the complete 
ine of standard Howe scales. In- 
cludes specifications and_ spot 


illustrations. 
512B Howe Scale Co. 


New Toledo Weight Fact Kit 
will help you determine how well 
your scales measure up as a weigh- 
ing system and help you detect 
weighing inefficiencies that drain 
prefits. Send for it now. 

406 Toledo Scale Co. 


Scales, Railroad track You get all 
modern “plus” features in Howe 
four-section straight lever railroad 
track scale—lever system, main 
bearings, checking, live and dead 
rails, etc. Form 685. 
512C Howe Scale Co. 


Tanks, Oil Storage In the newly 
revised bulletin “Oil Storage 
Tanks” you'll find descriptions of 
standard sizes, types of roofs, weld- 
ing, testing, maintenance and 
dimension tables. 
512D__.. Chicago Bridge & Iron Co 


Truck, Fork Design, operation and 
advantages of the Clarklift-30 gas- 
powered 3,000-lb. capacity fork 
truck are covered in a new 6-page 
brochure that also includes infor- 
mation about components of truck. 

12 Clark Equipment Co. 


Trucks, Electric Lewis-Sheppard 
Electric Trucks enable full use of 
floor storage, provide mobility be- 
tween departments, work quickly 
and safely, cut manpower costs. 
Master Line Cat. and Cat. 34-1. 
405b *Lewis-Shepard Products. 


Trucks, Electric Fork... .New “E” model 
electric fork truck—electric power 
gives 3 times longer life than other 
type trucks, lubricated-for-life, only 
50¢ a day for battery charging, 
magnetic controls. Cat. 32-1. 
405a Lewis-Shepard Products. 


* From advertisement, this issue 
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MODERN CHEMISTRY 
for the 
ENGINEER and SCIENTIST 


JUST OUT! In this book, world-renowned 
specialists give you fresh concepts and ad- 
vanced methods for making chemistry 
meet today’s engineering requirements. 
From developments in the use of isotopic 
tracers and of photochemistry, to concise 
reports of progress in contact catalysis and 
in the petrochemical industry—a wide range 
of topics is covered. Edited by G. Ross 
Robertson, Prof. of Chem., U. of Cal. 442 
pp., 162 illus., $9.50 


PILOT PLANTS, MODELS 
and SCALE-UP METHODS 
in CHEMICAL 
ENGINEERING 


JUST OUT! Here are proved methods and 
sound working principles to help you ef- 
ficiently design chemical pilot plants and 
models . . . and accurately scale up test 
data to full-size processing plants which 
produce maximum yields. The approach is 
analytical and quantitative. A chapter 
deals at length with the mathematical 
theory of analog models. By R. E. John- 
stone, Ministry of Supply, London, and M. 
ao U. of Sheffield. 290 pp., illus., 


PUMP SELECTION 
and APPLICATION 


JUST PUBLISHED! Aids engineers in all 

ds to economy and iciency 
installations. Discusses 
basic types of pumps; problems met in 
their application. Covers special pumping 
problems of a number of industries. Step- 
by-step procedures for analyzing pumping 
problems, finding most suitable commercial 
pump for the job, and applying it to the 
job conditions. By Tyler G. Hicks, Assoc. 
Ed., Power. 422 pp., 411 illus., $8.50 


MAINTENANCE ENGI- 
NEERING HANDBOOK 


JUST OUT! In this book scores of experts 
give you all the workable facts, methods, 
and techniques you need for better plant 
maintenance—for lower production costs, 
higher profits, and improved product 
quality. From the organization and ad- 
ministration of maintenance forces to sani- 


have the complete, detailed picture. Edited 
by L. C. Morrow, Dir., Spec. Editorial Serv- 
ices, McGraw-Hill Pub. Co. 1156 pp., 728 
illus., $20.00 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Dept. CE-6 
327 W. 4ist St., N.Y.C. 36 


. (We pay 
delivery costs if you remit with this coupon—same 
return privilege.) 

Robertson—Mod. Chem. for Engr., $9.50 

© Johnstone & Thring—Pilot Plants, etc., $9.50 

0 Hicks—Pump Selection and Appl., $8.50 
0 Morrow—Maint. Engrg. Hdbk, $20.00 


For price and terms outside U. S, 
write McGraw-Hill Int’l., N.Y.C. 


| 


MORRIS meets the CHALLENGE 
of INDUSTRY'S NEW FRONTIERS 


No Matter What Your Present or Future Heavy Pumping 


Conqueror of the FUTURE... 


Problems Are... Morris Can Satisfy You NOW! 


The new Morris Type RX Slurry Pump is specifically _engi- 
neered to handle the viscosities, densities and special character- 
istics of the slurries and sludges developing from industry’s ever- 
advancing products. It is engineering attuned to the future... 


designed to meet the demands of a towering tomorrow. 


Rugged, Dependable, Trouble-Free; Operates With Min- 


imum Attention ... Cuts Maintenance Costs! 


The new Morris RX is designed for performance perfection 
under all conditions, including heavy, coarse, fine slurries, dis- 
persions and sludges. Operates at low speeds; quickly dismantled 


for inspection, avoiding lengthy lay-up time. 


FREE SERVICE: Morris engineers will 
gladly recommend the custom-made pump 
best suited to your needs. Send neces- 


sary data today. 


MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 


PUMPS. 


CENTRIFUGAi 


Sales Offices in Principal Cities 


MORRIS TYPE RX 
SLURRY PUMP 
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Molecular model of 
polyvinyl alcohol 


‘THE, NEW KM-! TABLE-TOP_ 
DOUBLE-BEAM INFRARED RECORDING SPECTROPHOTOMETER™ 
‘Designed especially for routine analyses 


: Supplementing the more versatile B-A Mcdel 4-55 


FOR MORE PRODUCTIVITY 
IN THE ANALYTICAL LAB 


FOR NEW ORGANIC AND 
INORGANIC ANALYSES 


FOR MORE ACCURATE ANALYSES 


Many accessories available . . . 
New smaller over-all dimensions with no sacrifice in size of optics... 
Sample space large and easily accessible . . . 
Rugged construction . . . Simplicity in operation and maintenance... 


For further information, write for special bulletinIR-448. 


‘Baird—Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 
514 


LITERATURE . . 


Trucks, Fork...... The four major com- 
ponents of electric fork trucks— 
control circuit, power train, hy- 
draulic system ‘and upright assem- 
bly—are described in a new 8-page 
four-color brochure. 
514A Clark Equipment Co. 


Trucks, Gas....Powerful Yale gas truck 
with new Yale hydraulic push-pull 
attachment stacks nitrate With 
maximum ease, safety and efficiency 
onto a pallet for Lane Full facts 
in Booklet 510 
105 ‘Vale & Towne Mfg. Co. 


Trucks, Lift...... Facts on a —— 
line of manually propelled, battery 
operated hydraulic lift trucks are 
gathered in a new illustrated Dae 
page catalog. Concept of In- 
Between Handling is explained. 
514B Big Joe Mfg. Co. 


Heating & Cooling 


Boilers, Packaged...... Bros packaged 
boilers fulfill steam requirements in 
the medium pressure range Offer 
high steam efficiencies 
with economy of insta: a ay Bros 
Packaged Boiler. Cat. WT 
396 *Wm. Inc. 


Cleaner, Steam...... Complete steam 

cleaning facilities are provided for 

a fraction of the usual cost with 

the Steamrette according to a 4- 

the bulletin now available from 
manufacturer. 

Turco Products, Inc. 


Cooler, Rotary-Louvre...... Four-page 
bulletin describes features of new 
cooler design where the louvers that 
move the solids are hollow to per- 
mit the flow of cooling water 
counter to the material flow. 
514D Dunford & Elliott Eng’g. 


Condensers, Surface...... Sweco surface 
condensers offer maximum de-aera- 
tion, even distribution of steam, 
increased efficiency of heat trans- 
fer, installation, servicing 
accessibi ity. Bul. M-3-32. 

528 *Southwestern Engineering Co. 


Condensers, Vapor...... Contains dia- 
grams and photographs showing 
apparatus for condensing vapors in- 
dependent of a Ss of cool- 
ing water. For Is on Aero 
vapor condensers, a Bulletin 129R. 
R51 Niagara Blower Co. 


ElectroSyn System...... Highly flexible, 
rugged electro-magnetic system de- 
signed to measure, indicate, record 
or control pressure, differential 
flow, liquid tempera- 
Technical Bul. B257 

Norwood Controls. 


Furnaces...... For batch heating oils, 
chemicals, resins, varnishes, 
Selas Duradiant enclosed or open 
settings offer fast, radiant gas heat- 
ing, rapid burner response, and 
uniformity. Bulletin SC1015. 
42-3c Selas Corp. of America. 


Generators, Steam..... Amesteam gene- 
rators give extra years of service. 
Rugged construction exceeds code 
requirements; simple, efficient 3- 
pass concentric tube design. Re- 
quest your catalog. 

111 *Ames Iron Works Inc. 


* From advertisement, this issue 


June 1957—Cuemicat ENGINEERING 


Ge 


He 


GARD atomic) 
“Berrer ANALYSIS AND CONTROL” 
2, 
f 4 Infrared absorption curve of polyvinyl alcohol. 
He 
He 


Generators, Steam...... Book gives ca- 
acities, dimensions, construction 
eatures, instrumentation, accessor- 

ies, sectional drawings & installa- 
tion photos on new series of steam 

nerators. Bulletin PG-55-3. 
*Foster Wheeler Corp. 


Heat Exchange & Process Equipment 
sesisiere Company offers these: con- 
densers, evaporators, jacketed ket- 
tles, ribbon mixers, agitators, re- 
actors, pressure vessels, heat ex- 
changers, etc, Bulletin 810. 

T534 *Manning & Lewis Engrg. 


Heat Exchangers...... Advantages of 
Whitlock Standards Hi-Transfer 
units include low cost, engineered 
design, interchangeable parts and 
units, non-ferrous construction, 
easy maintenance. Bulletin 170. 
417 Whitlock Mfg. Co. 


Heat Exchangers, Acid Resistant...... 
Important data on Swenson type of 
tube mounting, types or corrosion 
resistant materials and advantages 
of neoprene ring gaskets available 
in Bulletin SW-200. 

337 *Swenson Evaporator Co. 


Heat Transfer Equipment......Partial 
list of material processed with A-C 
heat transfer equipment: limestone, 
lime, dolomite, magnesia, alumina, 
bauxite, manganese oxide, iron ore, 
etc. Bul. 25C6177. 

197 *Allis-Chalmers Mfg. Co. 


Heat Transfer Units..... Valuable ideas 
based on installations of Tranter 
Platecoil heat transfer units are 
contained in bulletin on Platecoil 
construction, installation and cost- 
saving advantages. Bul. P-61. 

106 Tranter Mfg. 


Heaters, Dielectric...... Shorter proc- 
essing time maximum production 
per unit of floor space, streamlined 
work flow, minimum heat loss, im- 
proved working conditions, simpli- 
fied operation. Bulletin 15B6431C. 
225 *Allis-Chalmers Co. 


Heaters, Gradiation..... Advantages in- 
clude zones of controllable heat 
input, complete combustion, uni- 
form of heat, and 
assembly or field-erection as de- 
sired. Bulletin S1043. 
42-3a *Selas Corp. of America. 


Heaters, Steam...... In catalog 956 
you'll find complete information 
about the Grid cast-iron heat 
transfer units. Includes descrip- 
tions of manufacturing, installation 
and piping; calculating aids. 
515A D. J. Murray Mfg. Co. 


Heating Elements...... First authorita- 
tive book of its kind, 12-page book- 
let Form A-1472 gives information 
on handling, unpacking, 
installation and replacement of s 
con carbide elements. 

15B Carborundum Co. 


Ovens...... tch Electric V-35 Pro- 


Despa 
duction Ovens can bake plastic 
items and bake standard and wrin- 
kle finishes on metal parts for 
other products. Automatic temper- 
ature control. Get V-Bulletin. 


fouling up your 


» process? 


Whatever your foaming problem, there’s a Dow Corning silicone 
defoamer that will help solve it at an amazingly low cost. 

Just a teaspoonful of a Dow Corning silicone defoamer can prevent 
mountains of foam... enabling you to utilize full productive capacity 
and put your processing into high gear. What's more, when you elimi- 
nate foam, you say goodbye to wasteful boilovers and the fire 
hazards they may present. 

. . . So, stop frothing about those FOAM problems—eliminate them 
with a Dow Corning silicone defoamer. They’re the most versatile 
and efficient foam killers ever developed! 


FREE SAMPLE and INFORMATION— 

To receive a generous trial sample of a Dow Corning Silicone 
Defoamer, return coupon below or write on your letterhead. 
No obligation, of course. 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


T540 *Despatch Oven Co. 
Thermo-Panels...... Cost less and per- | 
form better—an improvement on Oil system, 
pipe coils. Save space and heat or Q rime 
cool more efficiently. For use in | Aqueous syst 
heating and cooling of liquids, slur- i lie 
ries, etc. Bulletins 355 and 257. | COMPANY ‘ , i 
TL553. *Dean Thermo-Panel Div. j Other 
ZONE STATE 
*From advertisement, this issue L 
515 
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DENVER 


SIZES 
atented) 
SUPER 
AGITATORS 20’x 
and MIXERS 
DENVER 
Steel-Head to 
MILL 6'x 2 
DENVER 
‘Forced-Feed 2% 3% 
JAW 
CRUSHER 
to 
12 Disc, 9 
ee 
Agitator 
FILTER be 
supplied 
Laboratory 
“Sub-A” 
FLOTATION Commercial 
DENVER 
Rubber Lined G.P.M. 
PUMPS 
ENVER 
Automatic 
SAMPLERS Travel 
DENVER- 
DILLON 
Vibrating 
SCREENS 
DENVER 
Spiral Rake 
HICKENER 


DENVER 

Batch and 
ontinuous 

TESTING 


Patented standpipe cround propeller | 
assures positive agitation and circulation. j 
Patented wearing plate prevents sand-up on | 
shut-down. Heavy duty as well as acid- | 
proof construction is available in both open-— 
type, air lift and Super Agitator models. 
Please write for Bulletin No. A2-B4. 


A Denver Steel-Head Ball Mill will suit your | 
particular need. Five types of discharge trun- | 
nions. All-steel construction. Low initial cost 


due to quantity production. Quick delivery. 


Laboratory and. pilot plant mills also avail- 
able. Please write for Bulletin No. 82-B13. 


Cast Steel Frame, manganese jaw and cheek 
plates. Large diameter shafts reduce shaft 
deflection and thus increase life of heavy- 
duty, oversize roller bearings in bumper. 
Setting easily controlled. Please write for 
Bulletin No. C12-B12, 


Special, patented design of segments in 

Denver Disc Filters use both gravity and 

vacuum to give a drier filter cake. Drainage 

is complete and positive, with no blow-back. 

Simple, low-cost, dependable construction, © 
Quick delivery. Also Drum and Pan Fillers. 

Please write for Bulletin No. FG-BI. 


Flotation is the selective separation of par- | 
ticles from each other in a liquid pulp by - 
means of air bubbles. More large plants are . 
installing Denver ‘‘Sub-A’s’’ for their entire 
flotation job, because they give maximum 
recovery at a low cost per ton. Dependable, | 
low-cost, simplified continuous operation. 


_ Please write for Bulletin No. F10-B81. j 


Denver (Soft Rubber Lined) Sand Pumps lower | 
pumping costs 30% to 70% due to simple | 
design, lighter weight and accuracy of rub- . 
ber parts which increase efficiency 12 to 3 
times over other sand pumps. Have molded 
rubber impellers and casing liners for long 
life. Write for Bulletin No. P9-B8. 


J 


Heavy duty units, extra rigid track and ball- | 

bearing wheels assure positive travel and 

timing of sample cutter. Available in stain- 

less steel for acid onl corrosive service. Wet 

and dry cutters. Central Control Panel for 
lers. Bulletin No. $1-B4, 


Gives fast, clean separation without blinding. 
Gives even, smooth flow o' terial because 
of the patented “true-circle’ eccentric action. 
Two-bearing construction saves 50% 
Please> write for Bulletin No. $3-B11. 
: 4 
Enclosed, running-in-oil head motion. oe, 
ented spiral rakes move settled solids to 
center discharge with continuous motion, 
rapid removal of solids tends to eliminate 
overload. Wood, Steel or Rubber-lined Tanks 
available. Write for Bulletin No, 15-B5. 
Use Denver Testing Laboratoty facilities for 
complete batch or pilot tests—your engineers 
or ours. Ample test facilities for investiga- 
tions on crushing, grinding, mixing, classi-- 
fication, separation, sampling, leaching, con- 
centration, thickening, filtration and mee 
Consultation is without obligation. Please | 


write for Bulletin No. T4-B15. 


Traps, Steam.. 


LITERATURE . . . 


Tower, Cooling ...... Tllustrated bro- 
chure shows features of Galloway 
counter-flow cooling tower that 
make possible a 5-year warranty. 
Tower is non-leaching Chemonited 
Fir resists fungus. 


W. Galloway Co, 


Towers, Cooling...... New catalog sec- sec- 


tion III, File 3D3, Sheet 1 tells the 
user facts about maintenance of 
redwood cooling towers. Includes 
types of deterioration, and how to 
control and prevent i 

516B Caifornia Redwood Asso. 


Towers, Cooling...... If you would like 


know the Marley method of 
measuring performance of cooling 
towers, regardless of make or vint- 
age, request “Test Your Tower.” 
Assurance of complete satisfaction, 
9 *Marley Co. 


Trap, Steam...... Catalog 600 an- 


nounces development of the Mono- 
valve float-thermostatic steam trap 
designed to drain steam-hot con- 
densate. Unique feature is single 
valve that performs three jobs. 

516C Velan Valve Corp. 


Traps, Steam...... Within 4-page Bul- 


letin 154, you will find a complete 
condensed buying guide on steam 
traps containing specifications, 
capacities, sizes, pressures, weights 


and list prices. 
516D V. D. Anderson Co. 


Traps, Steam...... New Bulletin T-1746 


describes the new Series 40 impulse 
steam trap designed especially to 
handle heavy condensate loads. The 
4-page bulletin gives sizes, capaci- 


applications. 
516E Yarnall-Waring Co. 


Traps, Steam...... Steam 


Trap Book contains helpful in- 
formation on steam trap safety 
factors providing for venting of gas, 
peak loads, reduction in pressure 
differential, group trapping. 

93 * Armstrong Machine Works. 


Traps, Steam...... Give faster, more 


effective condensate removal. Pow- 
erful valves action, positive shut- 
off, high capacity é& each unit 
service tested. For more details, re- 
quest new Bulletin No. 10-55. 

82 *W. H. Nicholson & Co. 


.. Yarway Series 40 im- 
_ steam traps are ideal for 
eavy condensate loads on large 
autoclaves, cooking kettles, heat 
exchangers, dryers, heating coils, 
presses, etc. Bulletin T-1746. 

427 Yarnall-Waring Co. 


Instruments & Controls 


*From advertisement, this issue 
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Annunciator Systems....... 2 p. 


catalog describes the oicmag line 
of standard, integrated Fanalarm 
Annunciator Systems for indust: 
Company makes full details avail- 
able in Catalog 100B. 


Panellit, Inc. 
Computer...... A 12-page brochure de- 
scribes the new completely transi- 


torized computer ‘Transac_ type 
S-2000. Using only air cooling and 
negligible power this light-weight 
system cuts installation costs. 

516F Philco Corp. 
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Control Systems, pH...... Data sheet 
discusses L&zN Control System— 
electrode assembly, Speedomax re- 

corder, Control Unit, Valve Drive. 
Com in Process Data 


Shee 
132 *Leeds & Northrup Co. 


Controller, Draft...... For the first time 
adjustable proportional band is 
available in draft controllers for 
commercial and small industrial 
plants according to a 4-page bulle- 
tin just released. 
517A Cleveland Fuel Equipment Co. 


Controllers..... Features the M/58 Con- 
trollers revolutionary floating disc 
system—the exclusive design devel- 

opment that gives M/58 Control its 
Request Bulle 


*Foxboro Co. 


Controllers, Pneumatic...... Bristol 
Series 500 models for control of 
temperature, pressure, vacuum, 


draft, absolute pressure, liquid level. 
flow, humidity, density, pH, and 
other variables. Bulletin A130. 

60-61 *Bristol Co. 


Controllers, Pyrometer..... Multi-Point, 
Pyrometer Controller provides—in 

one instrument—automatic temper- 
ature control for up to ten separate 
process units. Serene, gives in- 
formation in Bul. EDS-25-E. 
529 hers Electric Co. 


Controls, Electric ...... Automatic 
“package” controls are discussed in 
a new 16-page catalog AC-2. They 
are used for applications where a 
chemical or mechanical function 
can be measured electrically. 
517B Tipp-Tronic, Inc. 


Controls, Pressure...... Three bulletin 
pages cover pressure controls—Type 
H5 in Bulletin 5-5; Type J7 in Bul- 
letin 5-7 and Type J40 in Bulletin 
5-9. Cover specification policy, pur- 
pose, switch ratings, etc. 
517C United Elec. Controls Co. 


Controls, Temperature...... 17 p. cata- 
log presents company’s line of re- 
mote bulb temperature controls 

industrial, aircraft, marine, 

special purpose. Includes Peg 
. specifications, etc. Catalog 

360 *United Elec. Sauk Co. 


Controls, Temperature...... Features: 
cuts initial control costs; costly 
production stoppages; control 
maintenance costs. Controls for 
gas, liquids and solids in —30°F. to 
1200°F. ranges. Condensed Catalog. 
518 *Partlow Corp. 


Flowmeter...... Catalog sheet RC-1 re- 
lates how the vortex-velocity prin- 
ciple of flow measurement has been 
designed into a compact liquid flow- 
meter that is self-contained and 
reads from 20 to 220 gpm. 

Rotron Controls Corp. 


* From advertisement, this issue 


Any bulletin or catalog... 
yours for the asking 
You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 

direct from the manufacturers. 
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Here’s a pump 


f especially designed for ‘ 
your ABRASIVE and 
CORROSIVE liquids 


\ 


You minimize your “hot” pumping 
problems — and expenses — with 
Goulds chemical pumps because 
they’re built to take it! 

With the Fig. 3715 pump, you 
can handle liquids that would 
“murder” most pumps. Such liquids 
as acid, alkaline liquor, hot size, and 
slurry. But this pump offers more 
than just severe service design. You 
get fewer maintenance problems 
plus special operating advantages. 


For example 
Look at the support head—its 
rugged, box-type design with water 
jacket permits you to pump liquids 
as hot as 350° F. Over - lubrication 
is prevented by grease - lubricated 
standard bearings with grease relief. 
You can adjust impeller clearance 
without any dismantling by means 
of a simple, positive external ar- 


rangement, 


PUMPS FOR INDUSTRY 


/ 
/ 


Goulds Fig. 3715 Chemical Pump 


A variety of construction ma 
terials meets every need. Goulds 
Fig. 3715 pumps come in ‘i'ype 316 
and Gould-A-Loy 20 stainless steel, 
all aluminum-bronze, all iron or 
bronze-fitted. 


More reasons why 


There’s a wide range of sizes, too-- 
nine in all—with capacities up to 
720 GPM and heads to 200 feet. 
You can keep a low spare parts in- 
ventory since many of the parts are 
standardized for interchangeability 
between sizes. 

There are many more reasons 
why you can save money and avoid 
maintenance headaches by pump- 
ing those harsh liquids with a 
Goulds Fig. 3715 pump. Write for 
Bulletin 725.4. 


GOULDS PUMPS, INC. 
Seneca Falls, N. Y., Main Office and Works 
Branches 
ATLANTA, 15 Peachtree Place, N.W. 
BOSTON, Room 314, 1330 Beacon St. 
Brookline, Mass. 
CHICAGO, 53 West Jackson Blvd. 
HOUSTON, 2314 Main St. 
NEW YORK CITY, Room 1503, 11 Park Place 
PHILADELPHIA, 2099 North 63rd St. 
PITTSBURGH, Room 512 
Bessemer Bidg., 140 - 6th St, 
TULSA, 543 East Apache St., P. 0. Box 6157 


West Coast Representative: GOULDS PUMPS Western, Inc., 1919 N.W. Thurman St., Portland 9, Oregon 


Canada: The A. R. Williams Machinery Co., Ltd... . 


in all principal cities 
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Carrier 


iB REFRIGEMMETION: 


MODEL ZNC 

i Partlow Control selected by Carrier 
Corp. to regulate refrigerated car 
temperatures. 


Partlow Controls help Carrier 
Railway Refrigeration Units 
“think for themselves” 


Carrier Railway Refrigeration Units that “think for themselves” 
are setting a new standard for positive, controlled temperature in 
rail transportation of frozen foods. And Partlow Controls call the 
signals that keep temperatures on the button! 


The Carrier systems are designed to heat as well as cool, provid- 
ing a constant temperature despite the various climate changes 
encountered in transcontinental runs. A car temperature range 
from —10°F to 70°F is possible, depending on the Partlow Control 
setting. 


What's your temperature control problem? Tell it to Partlow! 
There’s a Partlow Control to fit your requirements . . . in the range 
from -30°F to 1200°F. For use with gas, oil, steam or water valves; 
or electrical equipment. 


SENO FOR CONDENSED CATALOG 


partlow 


| the pioneer in mercury thermal controls | 


THE PARTLOW CORPORATION, Dept. E-657 New Hartford, N.Y. 
Offices in All Principal Cities 


NO MATTER WHAT YOU MAKE, PARTLOW CONTROLS WILL HELP MAKE IT BETTER 


LITERATURE... . 


207 *Potter Aeronautical Corp, 
Flowmeters...... Series 1700 Flowrator 


meters in more than 20 materials 
with stainless steel enclosures, neo- 
prene backed up to 200 gpm of 
water, 400 scfm air. Cat. 10-A-25, 
161 *Fischer & Porter Co, 


Gages...... U. S. Gauge Division offers 
catalogs of Supergauge, Solfrunt 
(Solid Front) Gauge for maximum 
safety, Diaphragm Receiver Gauge 
and Pressure Pilot, all designed 
for optimum process efficiency. 
397 *U. S. Gauge Div. 


Gages, Pressure & Vacuum...... Com- 
pany gives details available on its 
dial indicating and recording pres- 
sure and vacuum gages. SG safety 
gage feature affords safety in front 
and back. Bul. 525A. 

BL547 *Weksler Thermometer Corp. 


Indicator...... Leaflet announces a new 
Teledyne instrument to indicate 
telemetered information from 
strain gage type transducers. Pre- 
cision d.c. meter movement and 
a supply excite measuring cir- 
cu 


518A Taber Instrument Corp. 
Instrument Line...... Commander class 


is a new range of instruments engi- . 


neered to be more practical and 
highly accurate for process meas- 
urement and control, according to 
announcement in 4-page bulletin. 

518B George Kent, Ltd. 


Mass Spectrometer...... Type 21-611 
ortable instrument designed for 
aboratory and industrial use is cov- 

ered in a new bulletin 1843. Despite 
low price, instrument offers many 


features. 
518C Consolidated Electrodynamics. 
Measuring Equipment, Flow...... Accu- 


rate measurement of flow rate of air 
and gases. Easy panel or “in-line” 
mounting, full size range, capacities 
to 75.000 cfh air, rugged stuffing 
box. Bulletin SC1022. 

42-3h *Selas Corp. of America. 


Meter-Relays ...... Contact meter- 
relays that both indicate and con- 
trol almost any physical or chem- 
ical condi*'.n that can be detected 
electrically are described in a new 


40-page catalog. 
518D Assembly Products. 


Meters, Liquid...... Industrial metering 
bulletin 566 has been completely re- 
vised to help the process engineer 
select the best meter-register com- 
bination for any job that can be 
handled with standard meters.’ 
518E Neptune Meter Co. 


Meters, Stainless Steel...... New Nep- 
tune meter achieves fine-instru- 
ment accuracy in the processing of 
corrosive liquids with complete pro- 
tection from effects of corrosion. 
Request Bulletin 94/10 N. 

426 *Neptune Meter Co. 


Monitoring Systems ...... Detection, 
recording and warning of airborne 
particulate radioactivity by com- 
plete monitoring systems is de- 
scribed in a new 6-page bulletin 
AM-57 now available. 
518F Nuclear Measurements Corp. 


* From advertisement, this issue 
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YOUR 
WATER PROBLEM 


BEACH-RUSS 
Vapor Purge Pumps 


Stop Internal Vapor 
Condensation 
... Improve Efficiency 
on Moist Circuits 


Beach-Russ “Vapor Purge” pumps 
are designed to give highest efficien- 
cies on moist circuits. Condensate 
gases are controlled so that it is im- 
possible for the vapors to condense 
in the pump itself and impair its 


efficiency. 


Beach-Russ “Vapor Purge” pumps 
are available in a range of capacities 
from 20 to 1800 C.F.M. Our sales en- 
gineers will be glad to assist you in 
selecting the pump to meet your spe- 


cific vacuum needs. 


Write for “Vapor Purge” Pump Literature. 


BEACH-RUSS COMPANY 
50 Church St. - New York 7, N. Y. 
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Save Water and Power 
in Condensing Vapors 


@ NIAGARA AERO VAPOR CONDENSERS give 
sustained full capacity in condensing vapors by evapora- 
tive cooling with only nominal use of water. You have 
no problems of water availability or disposal, or quality, 
or temperature. 

Non-condensibles are effectively separated and sub- 
cooled, giving better vacuum pump operation. Liquids 
and vapors are always held at constant temperatures. 
Cooling effect is directly proportional to the load. You 
get uniform distillation products the year round. You get 
better quality control and higher production. You save 
power and steam. Capacities up to 30 million BTU. 


Write for full information. 
Ask for Bulletin 129R. 


NIAGARA BLOWER COMPANY 


Dept. CE-6, 405 Lexington Ave. 


District Engineers in Principal Cities of U. S. and Canada 


New York 17, N. Y. 
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recovery 


-.-an economical answer to 
chloride corrosion problems 


Ozone now plays an important part in a new fractional 
distillation technique for the recovery of nitric acid 
following atomic fuel extraction. 

During distillation, a side stream of the extraction 
raffinate is sparged with a one percent concentration of 
ozone in air. Chlorides are oxidized by ozone to free the 
chlorine which is desorbed and removed by the sparge 
air, resulting in marked improvement in the concen- 
trator performance and elimination of costly corrosion.* 

Versatile in its applications and low in cost, Welsbach 
ozone is finding more and more applications in indus- 
try. It is used, fo. example, as an oxidant in the 
manufacture of cortisone... and its specificity and 
purity makes it valuable in othe chemical syntheses 
reactions. 

If you have a similar problem in chloride corrosion, 
it will pay you to discuss it with Welsbach. Ozone 
might be the answer, and their back- 
ground and experience in its application will 
save you valuable time in determining its 
potential effectiveness. Call the Ozone 
Processes Division of Welsbach today. 


* Based on a paper by D.S. Arnold, A. Whitman and FJ. 
in Chemical Engineering Progress, 


Write for this booklet 
on Welsbach Ozone 
Generation for Indus- 
trial Application. 


THE WELSBACH CORPORATION 
ZONE PROCESSES DIVISION 


DEPT. 603, 15th & WALNUT STS. 
PHILADELPHIA 2, PENNSYLVANIA 
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LITERATURE .. . 


Regulator, Oil-Air Ratio...... Details 
on an oil-air ratio regulator are set 
forth in Data Sheet 722A. Unit de- 
livers the pay oil pressure to 
correspond to the air pressure going 
through the burners. 

20E Hauck Mfg. Co. 


Regulators, Voltage...... Bulletin covers 
Stabiline automatic voltage regula- 
tors .. . Type IE and Type EM. 
Rating chart simplifies selection of 
the regulator best suited to your 
need. Request Bulletin S 351. 
520F Superior Electric Co, 


Sonar Caliper...... Capacities of brine 
wells and LPG storage reservoirs 
can be determined by converting 
reflected sound waves into distance 
with the Sonar Caliper described 
in a new 4-page bulletin. 
520G Dowell, Inc. 


Photometer, Pollution. ..... Polluted air, 
either outdoors or inside can be 
measured and controlled with a new 
portable photometer described in 
Bulletin JM-1000-C. Applications, 
sensitivities and ranges. 
520A Phoenix Precision Instrument. 


Process Control, Electronic...... Bulle- 
tin covers: electronic miniature re- 
corder, Type 150C;_ electronic 
recording control station, Type 162; 
electronic controller, Type 163; etc. 
Request Catalog 164. 
520B Manning, Maxwell & Moore. 


Process Control, Pneumatic...... New 
Taylor Transcope Controller is 
especially suited to short spans of 
measurement fast and responsive to 

able. Bulletin 98278. 

86 *Taylor Instrument Co. 


Process Control System, Electronic..... 
An all-electronic system of minia- 
ture-type instruments that provides 
the ultimate in process control, 
product quality and total economy. 
Microsen Bulletin. 

74-5 Manning, Maxwell & Moore. 


Pyrometers...... Alnor Pyrotac auto- 
matically protects furnaces, kilns 
and other heating equipment 
against damage due to excessive 
temperatures. Easily installed, low- 
cost reliable. Bulletin 2002. 

407 *Tllinois Testing Labs. 


Pyrometers, Portable...... Consistently 
accurate type 1500 portable pyro- 
meters available in ten scale ranges 
from 0-400 degrees to 0-3000 de- 
grees F. or centigraded equivalents. 
Bulletin 4434. 
R542 *Illinois Testing Labs. 


Recorder, Millivoltmeter...... How the 
portable millivoltmeter recorder is 
to survey electrolytic corro- 
sion and deterioration of under- 
prune ipe and cables is detailed 

n 

52 


Bulletin E1117. ‘ 
0C Bristol Co. 


Recorders, Multi-Point...... Permanent 
recording of as many as 16 points 
on one chart—at standard record- 
ing speeds ranging from 3 to 24 
inches per hour—on Wheelco Series 
8000 recorders. Bul. F-7955. 

402 *Barber-Colman Co. 


Reguiator, Gas...... Complete capacity 
tables on the 141 and 173 regulators 
are included for the first time in 
newly revised bulletin 1024-6 on 
Rockwell’s line of high pressure 


regulators. 
520D Rockwell Mfg. Co. 


* From advertisement, this issue 
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Switch, Commutating Deltaswitch 
is a unique commutating switch 
that uses a jet of mercury for a 
wiper arm. Deltaswitch is a custom 
engineered unit. Specifications 
given in Data Sheet S56-09. 
521A Norwood Controls. 


Switch, Liquid-Level Technical 
Bulletin 381-1 describes a new 
liquid-level switch which utilizes a 
radioactive material in the sensing 
element. Information is complete 
on construction, applications, etc. 

521B Robertshaw-Fulton Controls Co. 


Thermometer Probe, Resistance 
By utilizing a grid of extremely 
fine platinum wire welded to plat- 
inum lead wires, this probe is 
capable of operation over the 
range of from 0 to 1200° C. Bulletin. 
521C Arthur C. Ruge Assoc. 


Thermometers “Every Angle” Bi- 
Metal Thermometers. Three fea- 
ture: “Every angle” design for in- 
stallation anywhere, anti-parallax 
maxivision dial, bi-metal actuation. 
Details in Bulletin 148. 
521D Manning, Maxwell & Moore. 


Transducers, Engine-Pressure 
temperature compensated dynamic 
pressure measurement. Fields of 
applications: aircraft engines, 
automotive engines, gas engines, 
gas turbines, etc. Bulletin A257. 
521E Norwood Controls. 


Transmitters, Pressure Advantages 
of the “null-balance-vector” princi- 
ple in pressure and differentia’ 
pressure transmitters are covered 
in Folio No. 56-12 and Folio 56-13A 
which describes these new units. 

Republic Flow Meters Co. 


Pipe, Fittings, Valves 


Coupling, Quick-Opening 
ulletin 270 describes the quick- 
connect, quick disconnect coupling 
HK which is first using Teflon seals 
throughout to pass successful field 
tests, it is said. 
521F 


Snap-Tite, Inc. 


Fittings, Lubrication Hundreds of 
fittings for every requirement to- 
gether with dimensions are found 
in a new catalog, Form 38-23. Also 
included are special fittings and 
accessories. 
521G 


Stewart-Warner Corp. 


Fittings, Stainless-Steel. ...How Speed- 
line fittings offer a new concept 
in stainless-steel piping is told in 
a new 24-page bulletin. Contains 
all the information needed to select 
and apply fittings. 
521H Horace T. Potts Co. 


New 48-page catalog on 
industrial gaskets, mechanical pack- 
ings, etc. contains recommenda- 
tion chart, material comparative 
cost graph, fault elimination chart, 
and mechanical formulas. 

5211 Rhopac, Inc. 


Hose, “Dacron”-Jacketed 
dustrial hose jacketed with 100% 
“Dacron” polyester fiber is stronger, 
lighter, easier to handle, and much 
more flexible than previous types. 
Manufacturers’ names in booklet. 
102 *E. I. du Pont de Nemours. 


* From advertisement, this issue 
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WORLD’S LONGEST 
UNDERGROUND 
CONVEYOR SYSTEM 


This rotary plow feeder is part of a 45-unit, 7/4 mile Hewitt-Robins 
belt conveyor system located 1000 feet underground in Carlsbad, 
N. M. The system is designed to carry up to 550 tons of potash ore 
per hour from mining areas to a storage pit. Here the H-R rotary 
plow feeder scoops ore onto another conveyor for its trip to the 
refinery skip hoist. 

As in hundreds of other industrial installations, this Hewitt- 
Robins belt conveyor system effects a material saving in handling 
costs. To find out how H-R products and services can help you, 
consult your classified telephone directory for the nearest H-R 
representative, or contact Hewitt-Robins, Stamford, Connecticut. 


CONVEYOR BELTING AND IDLERS...POWER TRANSMISSION DRIVES 
INDUSTRIAL HOSE...VIBRATING CONVEYORS, SCREENS & SHAKEOUTS 
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© Chemically inert 
© Strong — light in weight 


Assure dependable, longer 
trouble-free operation 


Impact resistant 


The versatility of polyethylene sheet 
is demonstrated by these irregular 
shapes. They have been rolled and 
formed of 14” polyethylene and then 
welded. They are being used as shield- 
ing in the field of nucleonics. The 
physical and chemical characteristics 
of polyethylene make it an excellent 
material for insulation as well as a 
corrosion barrier. 


Corrosion Resistant And Non- 
Contaminating Plastic Fabrications 


@ Reduce installation and 
maintenance costs 


@ Impervious to acids and alkali 
®@ Electrically non-conductive 
Economical 


Fabricated and welded of AGILENE 
this fume scrubber has been installed 
at an atomic energy plant. Entirely 
impervious to attack by hydrofluoric 
.acid solutions and fluorides up to 
170°F., the scrubber is 4’ in diameter 
and 5’ high. The entire system is cor- 
rosion proof with AGILENE ducting 
and valves handling a gas flow of 
2500 cfm at 14 psi. 


American Agile has the experience 


@ A pioneer in the field of fabrication 
and welding of polyethylene and poly- 
vinyl chloride, American Agile Cor- 
poration places at your disposal the 


SMR. 
AGILENE WAGHLIDE 


§461 DUNHAM ROAD 


Fabricated entirely of AGILIDE (non- 
plasticized polyvinyl chloride), this 
self-supporting acid make-up tank is 
complete with sight glass, valves and 
shut-off spigot. The tank is 24” in 
diameter and 30” high with a wall 
thickness of 14”. Fabricated by the 
hot gas method of welding, it has 
been installed at the American 
Cyanamid plant at Stamford, Conn. 


and specialized skills and production 
facilities to fabricate products to specification at the lowest possible cost. % 


combined skills and know-how evolved 
through its many years of research 
and development. Agile’s engineers 
will consult with you at no obligation. 


Write today for your free brochure of AGILENE and AGILIDE fabrications. 


Established in 1932 


American Agile Corporation 


© MAPLE HEIGHTS, OHIO 


LITERATURE . 


Hose, Flexible...... New Teflon flexible 
hose assemblies described in Bulle- 
tin TF-100 have been built for 
economy and long life in fuel, oil, 
chemical, oxygen, hydraulic lines 


and other uses. 
522A American Brass Co. 
Hose & Flexible. ...New 
catalog simplifies selection’ and 
ordering of metal hose and tubing 
for oe uipment and main- 
tenance a ot cations. Complete de- 
a available in Catalog G-560. 
American Metal Hose Div. 


Joints, Expansion...... Rubber, neo- 
prene and Teflon-lined expansion 
joints are fully explained in a re- 
cent bulletin that shows construc- 
tion, sizes and uses. Covers charac- 
teristics and limitations of 7 styles. 

Garlock Packing Co. 


Joints, Complete line of 
expansion joints in rubber, neo- 
prene, and Teflon eliminate noise, 
vibration, and flange breakage in 
Available ror any 

— or gas. Folder AD-137. 
*Garlock Packing Co. 


Joints, Expansion...... New 72 p. cata- 
log covers the design, manufac- 
ture and application of the com- 
pany’s line of packless corrugated 
expansion joints, including three 
new types. Request Catalog #56. 
428 Zallea Bros. 


Rubber...... U, 


ber Expansion Joints are Te 
ient, do not become brittle, absorb 
axial and lateral deflection, insu- 
late —— vibration and pump 
equest 
Rubber Co. 


Joints, Expansion, Rubber...... Garlock 
rubber expansion joints are made 
from high-grade rubber, combined 
with plies of sturdy cotton duck and 
reinforced with steel rings. 
details in Folder AD-137. 
36la *U. S. Gasket Co. 


Nozzels, Spray...... Company makes 
available on request a completely 
detailed Catalog whieh provides 
valuable data on Spraco Nozzle line. 
Information on full cone, flat spray 
& hollow cone types. 


510 *Spray Engrg. Co. 
Nozzles, Spray...... Company 
a 48 p. industrial catalog with full 


date on thousands of standard and 
special nozzles—for every type of 
spraying. Also information on re- 
lated equipment. ime | No. 24. 

T538 *Spraying Systems Co. 


Nozzles, Spray...... Monarch’s advancet 
design reduces clogging and guar- 
antees dependable applications to 
wax fruits, rinse vegetables, dry 
eggs, powder milk, wash filter cake, 
etc. Catalog 1. 
R547 *Monarch Mfg. Works. 


* From advertisement, this issue 


Any bulletin or catalog . . . 
yours for the asking 


You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 
direct from the manufacturers. 
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Outlet Connection...... Bulletin CP-1- 
7 reports details on a new line 
of easy-to-install branch outlet 
connections for pipelines, tanks and 
pressure vessels. The Couplet func- 
tions as universal connection. 


. K. Porter Co. 

Pine. Request free copy of 
this new pipe fabrication team bul- 
letin, called “How Piping is Fabri- 


cated.” Tells how Fiori fabricates 
its pipe and how they sell this pipe 


as a team. ‘ 

109 *Plori Pipe Co. 
Pipe, Aluminum...... Reynolds alu- 

minum pipe features: lower cost, 


light weight, strong-seamless, non- 
rusting, fast installation, flexibility, 
standard sizes-highest quality. Re- 
uest Bulletin C3b-10-2560. 
5 Reynolds Metals Co. 


Pipe Benders...... Greenlee No. 884 hy- 
draulic ee bender bends pipe or 
conduit 90 degrees with one ram 
stroke. Handles %-in. to 2-in. pipe 
or conduit. Aluminum alloy con- 
struction. Bulletin E-217. 

B534 *Greenlee Tool Co. 


Pipe & Fittings...... Luzerne PVC pipe 
and fittings are light in weight, easy 
to install with either screwed fit- 
tings or welded socket fittings, and 
economical. Immediate delivery. 
Details in Bulletin PF-1100. 

R526 *Luzerne Rubber Co. 


Pipe & Fittings...... New technical 
bulletin describes company’s full 
line of corrorsion-resistant ly- 
vinyl chloride pi and fittings. 
Company makes Bulletin No. PF- 
1200 available upon request. 
523B Luzerne Rubber Co. 


Pipe & Fittings, Jacketed...... Catalo 
on line of steam jacketed pipe an 
fittings, either screwed or welded 
ends, has been revised to include 
additional sizes with more complete 
information. 

523C Red Jacket Co. 

Pipe, Hard Rubber...... Heat-resistant 
nitrile hard rubber pipe handles in- 
organics at 250-275 deg. F . also 
resists wide range of organic ‘chem- 
icals at room temperature. For de- 
tails see Bulletin 96-A 

364a  *American Hard Rubber Co. 


Pipe, Plastic..... General-purpose mod- 
erately priced rubber-plastic pipe 
handles most common chemicals 
to 170 F ... except few strong acids 
& organic ‘solvents. Tough, odorless, 
tasteless. Bulletin 80. 
364d *American Hard Rubber Co. 


Pipe, Reinforced Resin...... Design, 
construction and typical 
tions of Fluoroflex-T pipe (Teflon 
resin and glass fibre) are discussed 
in a new ate bulletin issued re- 
cently by the manufacturer. 
523D Resistoflex Corp. 


Pipe, Rigid......Ace Parian odorless, 
tasteless, rigid polyethelene pipe 
stays tough at sub-zero tempera- 
tures. Best chemical resistance of 
any plastic at —— temperature. 
Request Bulletin 
365a *American Rubber Co. 


Pipe, Steel...... Folder TDC-138 con- 
tains two tables. One lists dimen- 
sional data for 16 pipe sizes for 
six weight schedules. Other table 


covers ASTM. ME specs. for car- 
bon, alloy, stainless 
523E beock & Wilcox Co. 


*From advertisement, this issue 
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CHROMATOGRAPHY. 


CATALYST RECOVERY 


CHEMICALS 


ADHESIVES 


PHARMACEUTICALS 


PLASTICS 


FLOORING 


.- . because this versatile, finely- 
divided cellulose has so many 
applications. 


Here are but a few: 
1 As a processing aid, filler, 
binder or extender in Rubber, 
Plastics, Pharmaceuticals. 
2 As an Adsorbent in Chroma- 
tography. 
3 In the manufacture of Chemi- 
cal Derivatives of Cellulose. 


end—as a filter aid. 


In this application SOLKA-FLOC gives 
you greater, more economical vol- 
ume of clarified filtrate because its 
finely divided particles trap the tini- 


SOLKA-FLOC leads to new horizons 


est of suspended solids. It makes a 
stable pre-coat, does not “bleed” and 
there’s no loss of cake due to pres- 
sure drop, no abrasion of pumps and 
valves, minimum retention of filtrate 
in filter cake. 

SOLKA-FLOC effectively adsorbs 
many metals such as iron, copper and 
other impurities and can be burned 
to recover valuable solids. Let us — 
show you how SOLKA-FLOc will do 
a better job for you in your product 
or your process. Address Dept. FD-6 
our Boston office. 


BROWN [i COMPANY 
Berlin, New Hampshire 


General Sales Office: 
150 Causeway Street, Boston 14, Mass. 
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_ HAVEG TOWER CUTS 
RECOVERY COSTS 


Substantial amounts of valuable molybdenum sulphide 
fly can escape with exhaust gases in the production of 
molybdenum oxide from MoS concentrates. How to 
assure maximum recovery of the fly for more efficient 
production? Molybdenum Corporation found the solu- 
tion at their Washington, Pa. plant in this giant 179’ 
high gas scrubbing tower constructed of Haveg 41. The 
result? Three years of continuous operation with no 
signs of corrosion or deterioration—despite the presence 
of wet fumes, concentrations of sulphurous acid up to 
5%, water vapor, and SOs. Former stainless steel stack 
installations required major maintenance or replace- 
ment every eight to nine months! Haveg pipe has also 
proved superior to steel and rubber lined installations 
carrying water to and from the scrubbers. Plant per- 
sonnel estimate the Haveg tower has paid for itself 
every 18 months in terms of longer, trouble-free service 
life... every 12 months in terms of increased recovery 
plant efficiency! 


wees 


A Haveg Plastic for Every Service Requirement 


No other material offers as wide a range of effective 
resistance to corrosive acids, hypochlorites, salts, alka- 
lies, and solvents as the Haveg plastics. Custom design 
and field service assure you full advantage of Haveg’s 
low net cost for every process installation. Let a qualified 
Haveg corrosion engineer help you determine the Haveg 
plastic and equipment design best suited for your needs 
... or write for Haveg bulletins describing the complete 
line of corrosion resistant equipment. 


Installation ‘Pays for Itself” in Main- 
tenance-Free Durability and Im- 
proved Fly Recovery at Molybdenum 
Corporation, Washington, Pa. plant. 


H702 


HAVEG PLASTICS OF TOMORROW SOLVE YOUR CORROSION PROBLEMS TODAY IN 
PIPING «© PUMPS ¢ PROCESS TANKS * FUME DUCTS © VALVES © HEAT EXCHANGERS 


Atlanta, Cedar 7-3821 ¢ Chicago (Wheaton), WHeaton 8-3225 © Cleveland, WAshington 1-8700 « Detroit 

(Livonia), KEnwood 1-1785 ¢ Houston (Bellaire), MOhawk 7-6519 ¢ Los Angeles * New York (Westfield, N.J.), 

WEstfield 2-7383 © Seattle, Main 9006 * Denver, BElmont 7-0433 © Canada: Montreal, Glenview 7791 
* Toronto, RUssell 1-5559 © Monterrey, Mexico 
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LITERATURE .. . 


Pipin Identification...... “How to 
Identify Your Piping System” con- 
tains specifications laid down and 
approved by the ASA in conjunc- 
tion with the National Safety Coun- 
cil and the ASME. 
524A Rust-Oleum Corp. 


Piping, Steam-Traced...... Installation 
and perfomance details of the new 
Unitrace steam-traced extruded al- 
uminum pipe are given in a booklet 
now available. Cross section of new 
pipe matches standard pipe. 
524B Aluminum Co. of America. 


Tubing, Flexible...... Hundreds of ap- 
plications in the steam and Diesel 
power fields are filled by Penflex 
flexible tubing. For complete infor- 
mation on product line, request copy 
of “Flexineering” booklet. : 
223 *Pa. Flexible Metallic Tubing. 


Tubing, Heat Exchanger & Condenser 
Electric-resistance-welded 
carbon steel heat exchanger and 
condenser tubing widely used in 

rocess industries, including petro- 
eum refining, etc. Bulletin 412. 
153 *Babcock & Wilcox Co. 


Tubing, Titanium...... Folder TDC-185 
presents in detail the size range, 
tolerances and description 
of the mechanical, physical and 
working properties of the metal in 
tubular form. 

Babcock &. Wilcox Co. 


Valve Operator, Control...... Bulletin 
describes Microsen Series 181 Valve 
Operator. Gives features, descrip- 
tion, applications, principal of op- 
eration, models available, etc. See 
Bulletin RM211. 
524D Manning, Maxwell & Moore 


Valve, Plastic Ball...... Information 
about the all PVC Double-Seal 
ball valve is given in a bulletin 
now available. This type D88 valve 
is used with normal or high-impact 


lastic piping. 
524E Jamesbury Corp. 


A new leaflet gives de- 
tails on new type all-fabricated 
stainless-steel Y valve with renew- 
able Teflon disk. Vales are fabri- 
cated to schedule dimensions to 
use with schedule pipe. __ 
524F Star Tank & Filter Corp. 


Valves. There’s an Ace Hard rub- 
ber, rubber-lined, or plastic-lined 
valve for every corrosion applica- 
tion. Diaphragm, gate and check 
types. Lists chemicals handled in 
Bulletin CE-52. Request your copy. 
364c *American Hard Rubber Co. 


Valves, Check...... In a new 8-page 
Bulletin, Form 300, you are shown 
how to combine Durabla basic check 
units with any standard pipe fit- 
ting to form a complete check valye. 
Sizes and weights of basic units. 
524G Durabla Mfg. Co. 


Valves, Control...... Super 70 Series 
control valves offer: accurate re- 
_sponse from topworks; greater sta- 
bility through valve; self-actuat- 
ing closure with float ring. Details 
available in Catalog 70-11. 
441 Black, Sivalls & Bryson. 


Valves, Diaphragm...... Neoprene dia- 
nn a on Crane No. 1610 Packless 
iaphragm Valves seals the bonnet 
without crushing and _ excessive 
wear. Wide selection of exclusive 
— valves. Request Circular AD- 


231 *Crane Co. 


* From advertisement, this issue. 
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Valves, Diaphragm Control...... Kieley 
and Mueller diaphragm control 
valves have solid, not fabricated 
design, rugged guide posts, large 
column, super-finishing. Send for 
Bulletin CV53 for data. 

*Kieley & Mueller Inc. 


Valves, Drain...... offers descriptive 
information on line of Strahman 
ram type valves ... the only drain 
valves that cannot clog up. Made 
in any cast metal to meet your re- 
quirements. Request Catalog. 
L367 *Strahman Valves. 


Valves, Explosive........ How liquid or 
gas can be stored indefinitely at 
pressures up to 5,000 psi. and then 
released instantaneously is de- 
scribed in new Catalog 5501-XV 
on the explosive-actuated valve. 
525A Conax Corp. 


Valves, Fittings & Flanges...... Vogt 

drop forged steel valves, fittings 

flanges for oil, steam, water, 

air, gas and refrigeration services 

withstands shocks, corro- 
a Request Catalog F 

Henry Vogt Machine Co. 


Valves & Fittings. Plastic...... Tllus- 
trated 1f-page bulletin on line of 
PVC vaives and ion table includes 4 
pages of a tables, cutaway 


draw- four data tables. Re- 
copy. 
25B Walworth Co. 


Valves, Gate...... Stand up perfectly 
ranging from 380 
psi at 1000°F to 2000 psi at 100°F. 
Use Chapman List 990 valves for 
higher pressures. details 
avaiable in Catalog 10. 

112 *Chapman valve Mfg. Co. 


Valves, Gate..... Jenkins Ni-Resist cast 
iron or stainless steel gate valves 
are designed especially for corro- 
Sive services, have good metal-to- 
metal wearing qualities. Free of 
Get Bulletin 121. 

41 *Jenkins Bros. 


Valves, High Pressure. ...New improved 
60,000 p.s.i. valve ‘provides greater 
operational safety and prevents un- 
safe use of interchangeable lower 
fittings. Ask for Bulletin 

5 with details. 
449 *Autoclave Engineers, Inc. 


Valves, High Pressure...... Feature 
Evalthrust ball-bearing gos in- 
ternal streamlining, actor 
handwheel, guided Stellited” disk, 
integral Stellite seat, improved 
Condensed Catalog. 
110 *Edward Valves. 


Valves, Needle...... Catalog NV-1 hails 


the Marsh needle valve as the first 
throttling and shutoff needle valve 
suitable for working pressures up 
to 10,000 pe. which will also op- 
oo efficiently at low pressure. 
Marsh Instrument Co. 


Valves, Pinch Type...... New Catalog 
details line of flexible, pinch-type, 
hose-bodied valves in both Standard 
and new Superseal, metal-enclosed 
designs. Major feature—long data 


section. 
525D Farris Flexible Valve Corp. 
Valves, Pump...... How a line of pump 


valves has been redesigned to incor- 
a new taper-lock stud, self- 
ocking nut and drop-on guard is 
described in new 8-page bulletin 
which includes data tables. 

525E Durabla Mfg. Co. 


*From advertisement, this issue. 
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“FEVER 


for supersonic jets 


In order to break sound barriers, 
jet engines must break some tem- 
perature barriers, too—which 
brings some real problems in ma- 
terial selection. Any thermostatic 
control in the jet stream must 
withstand temperatures of 2000° 
without significant change in 
properties and characteristics. 
Faced with this problem, one 
of the world’s leading designers 
and manufacturers of aircraft 
components and systems has 
made Kennametal* a ‘‘Partner in 
Progress’’—and has found an 
answer. For a vital part of the 
sensing element in a thermostat 
assembly, a small tube of Ken- 
tanium* is used. This material, 
one of a big family of unusual 


carbides developed by Kenna- 
metal, retains its responsiveness 
and reliability through the entire 
flaming range of operating tem- 
peratures. 

Perhaps you have some new 
product in mind that is still on 
the drawing board for want of 
materials with the necessary 
properties to meet an unusual 
operating condition. If you need 
superior corrosion or erosion re- 
sistance, hardness, strength and 
stiffness, or resistance to elevated 
temperatures, chances are you 
can find the needed combination 
of properties in the Kennametal 
line. Just write, outlining your 
problem, to KENNAMETAL INC., 
Department CE, Latrobe, Pa. 


*Kentanium and Kennametal are the trademarks of a series of 
hard carbide alloys of tungsten, tungsten-titanium and tantalum, 


C-3044A 
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SEQUENTIAL 


an audible and flashing 
signal on the first alarm to enable the 
operator of your control board to de- 
termine which point in the monitored 
process first becomes abnormal . . .« 
successive alarms that develop from 
the original abnormal condition are in- 
dicated by a steady visual signal. You 
can take proper corrective measures 
immediately because you know where 
the trouble started. 


Shown here is a typical standardized 
Scam DE-LINE cabinet with integral 
flasher and reset pushbutton, featuring 


all the Scam adv 9 ing sim- 
ple, compact plug-in design. 


If you've a process or system that needs 
automatic, fail-safe, low cost monitor- 
ing write us for literature or call the 
nearest representative in the cities 
listed below. 


THE 


INSTRUMENT CORP. 


Chicago 13, Illinois 
Phone GRaceland 7-7850 


SALES REPRESENTATIVES: 
Atlanta Boston Buffalo Chicago 
Cincinnati ¢ Cleveland ¢ Dallas ¢ Detroit 
Houston © Indianapolis ¢ Kansas City 
los Angeles ¢ Louisville ¢ New York 
Philadelphia © Pittsburgh ¢ Portland 
St. Louis San Francisco Seattle Tulsa 

to and V. , Canada 


LITERATURE .. . 


Valves, Regulating......External pilot 
mounting provides simplified main- 
tenance. Trouble shoot is faster, 
downtime is reduced. For informa- 
tion on wide regulating 
valves, see Bulletin 1 
447 *Spence se Co. 


Valves, Stainless Steel pe 
Alloy stainless steel valves feature: 
extra-deep stuffing box, union bon- 
net joint, retaine renewable disc. 
See “Design Factors in Stainless 
Valves.” 


*Cooper Alloy Corp. 


LUZERNE 


PVC 
PIPE & FITTINGS 
Will 
Help Solve Your 
Corrosion Problems! 


Process Equipment 


Adsorbers, Vapor Continuously re- 
move hydrocarbon vapors, = 
hydrocarbons, water hydrocar 
emulsions, and dirt from cane 
pressed air and process gases. Full 
details in Bulletin SC1047. 
42-3e *Selas Corp. of America. 


Airlocks, Ro Rotary Airlock 
Feeders for low pressure dust con- 
trol systems, higher pressure dust 
control or pneumatic conveying 
systems, Complete specifications 
and data in Bulletin P-55. 

506 *Prater Pulverizer Co. 


. Vacuum 


Boiler-Cleaning Equipment. . 


cleaning equipment for keeping boil- : 


ers clean is highlighted in a 4-page 
bulletin issued recently. Both sta- 
tionary and portable units are dis- 
cussed. 

526A Spencer Turbine Co. 


Centrifugals Batch-Master offers 
choice of perforate and imperforate 
baskets .. . corrosion-resistant ma- 
terials . . . manual unloader if de- 

sired. Further information avail- 
able in Bulletin TC-14-56 
376 *Tolhurst 


Collectors, Centrifugal 
centrifugal collector designs are de- 
scribed in detail in a new fully illus- 
trated folder. Also included are 
complete specifications for 41 col- 


lector sizes. 
526B Kirk & Blum Mfg. Co. 


Collectors, Sludge Circulating Col- 
lector accomplishes positive move- 
ment of sludge, along the most di- 
rect path to the draw-off, in the 
shortest time. nen aa | gives com- 
oe information Book 1982. 

26C Link-Belt Co. 


Crushers, Gyratory New Bulletin 
1126 contains illustrations, cross- 
section dwgs, complete specifica- 
tions and features of Traylor TC 
gyratory crushers, Tables of sizes 
and approximate capacities. 

526 Traylor Engrg. & Mfg. Co. 


* From advertisement, this issue 


Any bulletin or catalog . . . 
yours for the asking 


You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 
direct from the manufacturers. 


The smooth inside surface o 


Having trouble with corrosion or internal 

build-up of slime and scale in baa? piping? 

LUZERNE 

rigid, unplasticzed Polyvinyl Chloride Pipe 

and Fittings means less of this difficulty; and 

because it’s non-metallic, electrolytic action 
is eliminated, too. 


LUZERNE PVC Pipe and Fittings are light 
in weight, easy to install with either screwed 
fittings or welding socket fittings, and eco- 
nomica!. Immediate delivery. Sizes }” to 6”. 
(Large sizes on request.) 


SEND FOR BULLETIN PF-1100 


LUZERNE offers an improved and expanded 
line of HARD RUBBER VALVES for Chem- 
ical Applications . . . Flanged Valves... 
Threaded Screw Straight Way Valves .. . 
Screw Stem Angle Valves . . . Globe Valves 
. « « all with improved Du Pont Teflon packing. 


Custom Molding 


The LUZERNE RUBBER CO. 


100 Muirhead Avenue Trenton, N. J. 


Sales Representatives 
ALBERT J. COX CO. 
Chicago, Ill. 

R. C. FOLTZ CO. 
Houston, Texas 
L. A. RUBBER & ASBESTOS WORKS 
Los Angeles, Calif. 
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“Dust Collectors 


LITERATURE . . 


-Cast, steel, 
jaw and’ check 
‘diameter shafts reduce 
aa ection and thus increase life of 
roller bearings in bumper. Full de- 
tails in Bulletin C12-B12. 
*Denver Equipment Co. 


thorough cleanouts af a matter of 

seconds because of hinged access 

oo Ask for Bulletin 067. 
*Sturtevant Mill Co. 


Continuous, automatic 
drying of compressed , process 
gases and liquids. Gases lude 
carbon dioxide, carbon monoxide, 
hydrocarbons, hydro: en, inert gases 
and oxygen. n $C1013. 

42-32 Selas Corp. of America. 


Demineralizers, Water All-plastic 
water demineralizers that operate 
by ion exchange are described in 
a new bulletin. Units are virtually 
indestructable and avoid internal 
corrosion. 
527A Enley Products, Inc. 


Digester, Continuous Bulletin PC- 
20 describes and illustrates con- 
struction and operation of the 
Pandia Chemi-Pulper continuous 
digester for pulp mills. Sizes and 
capacities are included. 

Black-Clawson Co. 


Instrument air ers are 
‘Zepandiable, require very little at- 
tention. They are used in pipe 
lines, ‘natural gasoline plants, and 
refineries for air ~ = to instru- 
ments and motors. 223-A. 
218 *Pittsburgh Div. 


Dehydrators 


eliminated, longer 

life, no moving parts, 

simple Soin all air or gas enter- 

ing dried without loss. Complete 

details in 16.0.81. 

384 F. Pritchard & Co. 


Dryers Offer a 
to meet all pr 
to dry air, or liquids to 
-ZeTO gd ts at low cost. 
mstructed materials. 
Details in Bulletin D- 
409 *C. M. mae Mfg. Co. 


drying and cooling equipment, con- 
tinuous dewatering song rotary 
pg (steam tube, t air, and 
fire), drum 

dryers, etc. Catalog “A”. 
*Davenport Machine & 
Foundry Corp. 


Drying Equipment Your oe is 
dried, ground, classified, cooled and 
conveyed to storage in a on in- 
ey unit-an Imp Mill, a Roller 

ll, or a ‘y a Send for Ray- 
mond Bul. Ni 
232 Engineering Inc. 


In every 
have 


type of indus 
found high effic ciency, : 
economy of Dustube scolle 
difficult combinaticn to 

top performance. Bulletin Nos 372C. 
80 *Wheelbrator Corp. 


effi- 


Dust Collectors Separatin 
ciencies up to 98.9% on 
shakeout dust possible, 
and continuous with 
Turbulent area assures positive dust 
collection. Bul. 55. 
L539 *Dust Collector Corp. 


* From advertisement, this issue 


(7; Leading mfrs. of 
mixine 
GRINDING EQUIPMENT 


for over 90 years 


© 1 pint to 150 = 
gal. sizes. 


#41L-10 Gal. Double Arm Kneader with two speed brake 
motor. Jac! gtor operated lift optional. 


© 6x 
14, 9x24, 12 
x30, 14x 32, 
16x40” sizes. 


#521C-14" x 32” High 
Speed Three Roller Mill. Hydraulic ad- 
Justment and pressure recording gauges 
optional. 


30€-50 Gal. Heavy Duty Change Can Mixer. 
Adjustable outer scraper, cover with chara- 


© 8, 16, 20, 50 and 
60 gal. sizes. 


#130H-250 Gal. Change 
Tank Mixer with hydraulic 
taising and lowering and 
variable speed motor. Var- 
ious type stirrers and 
high speed impellers op- 
tional. 


© 80,150 and 
250 gal. sizes. 


#F130EL-1 Gal. Double Planetary type 
Change Can Mixer with shearing action 
stirrers, and variable speed reversing 
type motor. Jacketed cans and 
portable trucks for cans optional. 


© 1, 2, 3, 4, 6, 15, 25, 50, 65, 
85, 110 and 150 gal. sizes. 


Write for complete information on these or other 
@ 


CHARLES ROSS & SON 
COMPANY, INC. 


152 Classon Ave., Brooklyn 5, N. Y. 


equipment. 
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laboratory machines can expose all 
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ONLY SWECO SURFACE CONDENSERS OFFER DELTA VEE DESIGN 


The water circuit uses V-type water boxes and reversing chamber. 
Roughly 60% of the water feeds the main banks of tubes; the remainder 
feeds the secondary condensing sections and air-cooling sections at the 


sides of the water box. 


The condensing circuit is in two delta-shaped tube bundles, one group 

in each half of the condenser. The two groups are mirror images. The 

- main condensing banks are formed by the arms of the deltas; the base 

forms the secondary condensing sections and the air-cooling sections. 

Sweco Surface Condensers are designed for prime mover service 

with large steam turbines. Available in sizes from 3,500 square feet and 
up, Sweco Surface Condensers offer these design advantages: 


maximum de-aeration—from large cor.act- 
tube areas, positive steam-vented hot well. 
even distribution of steam—generous admis- 
sion area to tube bank reduces water and 
vapor pressure drop. 

increased efficiency of heat transfer —con- 
densate forming on upper tubes flows over 
minimum number of lower tubes, eliminating 
water blanketing. 


compact installation—low headroom mini- 
mizes excavation or structure necessary to 
set condenser below turbine. 


accessible for servicing —end covers are 
removable, divided water box permits one 
side of condenser to operate while the other 
is being cleaned or serviced. (Similar con- 
struction is available in non-divided water 
box design.) 


Sweco enters the surface condenser and ejector field with more than 
forty years experience in the production of pressure vessels and heat 
exchangers...in thermal and mechanical design...and with complete 


manufacturing facilities. 


Construction, operation and features of SwEco 
Surface Condensers are described and illustrated in brochure M-3-32, 


pal 


Write for your copy today. 


' Southwestern Engineering Company 
: 4800 Santa Fe Avenue, Los Angeles 58, California 


S W Cc O Engineers and Constructors... Manufacturers 


LITERATURE... . 


Dust Control A 4-page report on 
“How to Control Dust and Save 
Money in the Manufacture of Build- 
ing Materials” contains case histor- 
ies on ready-mix concrete, roofing 
products, cement wallboard. 

28A Wheelabrator Corp. 


Feeder, Chemical A new air or 
water operated diaphragm feeder, 
model 19130, designed to handle 
concentrated chemicals more safe] 
is described in new bulletin 1913 
now available. 
528B 


Proportioneers, Inc. 


Filter, Air New line of Roll-o- 
Vent air filters is described in 
new Bulletin 780. Glass-fiber filter 
media fed and recovered by spools 
operates automatically to allow 
once-a-year maintenance. 
528C American Air Filter Co. 


Filter Paper E&D filter paper as a 
cover may be indicated if your filter 
medium is blinding or clogging. Will 
recommend proper grade for use 
and send samples for testing. “Fil- 
tration Analysis Report.” 

512 *Eaton-Dikeman Co. 


Filter, Sweetland Pressure Revised, 
4-page Bulletin 7400 tells you about 
the design, materials of construc- 
tion, operation and advantages of 
the Sweetland pressure filter for 


batch operation. 
528D Dorr-Oliver. 


Filter Tubes Bulletin AFD50-1B 
gives you the details on how Honey- 
comb filter tubes micronically clarify 
liquid chemicals at various tempera- 
tures. Tubes are manufactured in 
natural and synthetic fiber. 
528E Commercial Filters Corp. 


Fulflo Filters for micro- 
Scopic clarification of industrial 
liquids and various gasses with 
honeycomb filter tubes. Tubes avail- 
able in nylon, orlon, dynel, acetate, 
glass. Catalog PM-200A. 
528F Commercial Filters Corp. 


Filters, Air According to Bulletin 
120, Aerosolve filters now have in- 
terchangeable cartridges to permit 
changing to high or lower effici- 
encies to meet changing conditions 
and control cost. 
528G Cambridge Filter Corp. 


Filters, Air Type N Roto-Clone, a 
hydrostatic precipitator, collects 
heavy dust loadings of all particle 
sizes with highest efficiency and 
lowest maintenance costs. Request 
Bulletin 277. 
122 *American Air Filter Co. 


Filters, Corrosive Liquids 
Filters in several different metals, 
lined with rubber or lead when 
necessary, solve problems of tem- 
perature control, safety of person- 
nel. Request Bulletin 431. : 
327a *R. P. Adams Co. 


Filters, Disc Special patented de- 
sign of segments in filters use both 
gravity and vacuum to give a drier 
filter cake. Drainage is complete 
and positive with no _blow-back. 
Details in Bulletin FG-B1. 
516d *Denver Equipment Co. 


Filters, Horizontal Pressure Filters 
with many convenience features: 
uick opening door, shakers for 
cleaning, equal size leaves. Can be 
automated for continuous opera- 
tion. Request Bulletin NH-122. 
6-7¢ *Industrial Filter & Pump. 


*From advertisement, this issue 
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Filters, Liquid Dollinger _ liquid 
filters can filter practically any 
liquid successfully, regardless of 
temperature, pressure, or efficienc 
desired. Filter bodies in stee > 
monel, etc. Bul. 300. 
446 *Dollinger Corp. 


Filters, Porcelain Micro-porous 
porcelain filters are used for clarifi- 
cation, polishing, cold sterilization 
of pharmaceuticals, biologicals, and 
fine chemicals. Send for details in 
Bulletin SC1051. 
42-3i *Selas Corp. of America. 


Filters, Tubular Excellent for pol- 
ishing, as a trap filter or scavenger. 
Operation and cleaning is greatly 
simplified by inside-out flow system. 
For complete details, request Bul- 
letin TS-160. 
6-7d *Industrial Filter & Pump. 


Vacuum, Rotary, Continuous 
The Original String Dis- 
charge Filter is only one of many 
types of FEinc continuous rotary 
vacuum filters available ...custom- 
made at standard costs. Bulletins. 
135 *Filtration Engineers. 


Filters, Vertical Standard or spe- 
cially engineered models for any 
filtration process. Available with 
various rapid cleaning features and 
fully automatic Request 
Bulletins 111 and 114-11 
6-7b *Industrial Filter & Pump. 


Filters, Water Where high quality 
process water is needed, diatomite 
filters will provide an effluent sec- 
ond only to distilled water. Bulletin 
651 covers this type of industrial 


water filter. 
32%b *R. P. Adams Co. 


Filtration Equipment perry 
makes available a catalog complete 
with charts, tables, and diagrams 
to help in the o eration, mainte- 
mance and selection of filtration 
equipment. See Catalog. 
R543 . Sperry & Co. 


Flotation More large plants are 
installing “Sub-A’s” for entire flo- 
tation job, because they give maxi- 
mum recovery at a low cost per ton. 
Simplified continuous _ operating. 
Details in Bulletin F10-B81. 
516e *Denver Equipment Co. 


Flue-Chlorinator How the Model 
F-1400 Fluo-Chlorinator adds con- 
trollable quantities of fluoride and 
chlorine solution to potable water 
is explained in new Catalg 70F140. 
Request your copy now 

Fischer & Porter Co. 


Foam Machine Now polyurethane 
foams of any formulation can 
produced at amazingly low invest- 
ment with Klauder Williams foam 
machines according to a po dh bulle- 
tin that describes these units 

Gabriel Williams Co. 


Gamma Reference Sources 
able as standards for aciaiemae 
users, these sources have known 
gamma-ray energies and intensities 
which are depicted on a 2-page leaf- 
let now available. 
529C Baird-Atomic, Inc. 


Generators, Inert Gas New Sub-X 
inert gas generator uses submerged 
exhaust of combustion products, 
allows river water or other low-cost 
water be as — Compact, 
economic Bul. 114 
548 *Thermal Research Engrg. 


a From advertisement, this issue 
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ONE Instrument Now Controls 
Temperatures From MANY Points 


T-E’s 
New 
Multi- 


Point 


Controller 


This new, Multi-Point, Pyrometer Controller now provides—in one 
instrument—automatic temperature control for up to ten separate 
process units. Alone, it handles installations that formerly required 
as many as ten individual instruments. Immediate advantages are 
obvious—a great reduction in necessary panel board space, a 
tremendous decrease in initial cost, much lower maintenance costs, 
and the time-saving convenience of setting and observing tem- 
perature controls at one location. 


It applies to practically any installation suitable for two-position 
control action—creep test machines, multi-zone ovens and furnaces, 
laboratory aging and reaction vessels, batteries of batch process 
units, and many others. Simple adjustments permit skipping of one 
or more points—providing optional control of four to ten units. 
Control settings consist of ten separate slide wires with ten in- 
dividual set points. Red and green signal lamps indicate tempera- 
ture conditions for each point. Scale ranges for all calibrations run 
poy -400° F. with C-C to +3250° F. with Plat. 30% Rh.—Plat. 
6% Rh. 


Measuring Accuracy is insured by the null balance potenti- 
ometer measuring circuit, which permits calibration independent of 
thermocouple and extension wire resistance. Potentiometer 
accuracy depends on the stability of fixed circuit resistors, not 
on less dependable mechanical elements. 


Operating Speed is usually three seconds per point, 30 seconds 
for all 10 points. Gears for other speeds are available and easily 
changed in the field. 


High Sensitivity starts corrective action after deviation from 
set point of only 1° F. for I-C and 1.5° F. for C-A. 


Write for EDS-25-E 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 


In Canada —— THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario 
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LITERATURE . . . 


This announcement does not constitute an offering. The offering is made only by the 


Prospectus, which may be obtained from such of the undersigned as Labaiestion Tanloment = Com- 
plete catalog of Alemite lubrication 
are registered dealers in this State. equipment includes. fast, efficient 
eavy-duty Alem an ns, 
April 3, 1957 with 10,000 Ibs. pressure, long- 

handle, clean filling. 
103 *Stewart-Warner Corp. 


369,600 Shares 
Metallizing, Repair How you can 
spray molten metals onto a base 


e 
F isher Governor Company surface to build up worn mechani- 
cal equipment, apply hard-wearing 
surfaces, correct surface defects is 
Common Stock told in new bulletin. 


($1 Par Value) Metalweld, Inc. 
Mills, Ball A steel-head ball mill 
will suit your particular need. Five 
types of discharge trunnions. All- 
steel construction. Low initial cost 
due to quantity production. Details 


1 i in Bulletin B2-B13. 
Price $12 50 per share 516b *Denver Equipment. Co. 


Exclusive counter-rotating 
impellers produce finer, faster mix- 

recision face type magnetic seals 
re, Forgan — shaft 

seal. Brochure -2. 
The First Boston Corporation | Hornblower & Weeks 388 *Gabb Special Products Inc. 
Company makes available 
Eastman Dillon, Union Securities & Co. Goldman, Sachs & Co. Confidential Mixing Data Sheet. 
Helpful checklist enables you to de- 
velop a complete technical descrip- 


Kidder, P eabody & Co. Merrill Lynch, Pierce, Fenner & Beane tion of agitation required for your 


Incorporated rocess. Bulletin B-107. 


Stone & Webster Securities Corporation White, Weld & Co. 
Describes Super Agitators 


and Mixers. Patented stand-pipe 
Paine, Webber, Jackson & Curtis around propeller shaft assures posi- 
tive agitation. Patented wearing 
plate prevents sand-up on shut- 
down. Request Bulletin A2-B4. 
516éa *Denver Equipment Co. 


Mixers, Chemical Bulletin covers 
Shear-Flow Mixer; for mixing, 
homogenizing or dispersing; up to 
five times faster; counter-rotating 
impellers; reduces agglomerates and 
particle size; no operating torque. 


nith INDEPENDENT 530B Gabb Special Products. 


Mixers, Laboratory et as 

much as 20 years’ service from a 

Gas Supp ly TRAILERS Lightnin Laboratory Mixer. Can 

. Four other models 

TRANSPORTING — Argon — Carbon Di- choose from, Bulletin B-112. ‘ 

oxide — Helium—Nitrogen— Oxygen — 32le Mixing Equipment Co. 

Boron Trifluroide — Hydrogen — Ethyl- | Mixers, Portable Use in_ industry 

ene. Trailer capacities from 187,000 cu. in. 
to 750,000 cu. in. water capacity. Trailer 


PSIG Working Pressure. tions, etc. Bulletin B-108. 
321¢ *Mixing Equipment Co. 


Mixers, Portable Versatile Eastern 
portable mixers can be quickly 
shifted from task to task to allow 
one mixer to serve many needs. 
Available from 1/20 to 5 H.P. Ask 
for Eastern Bulletin 520-A. ‘ 
BR539 *Eastern Industries Inc. 


Mixers, Side Entering 
detailed information on features, 
typical applications, mechanical de- 
sign, maintenance, shaft _ seals, 
methods of installation, etc., in 
Catalog B-104. 
321d *Mixing Equipment Co. 
Mixers, Top Entering Illustrated 
32 p. Catalog includes advantages, 
typical installations, mechanical 
description, construction informa- 
INDEPENDENT ENGINEERING Co., INc. tion, dimensions and_ selection 
Sizes and weights to meet tables, etc. Catalog B-102. 
oll State requirements. 321la *Mixing Equipment Co. 


Can be mounted on bases tae 
for permanent storage. Gum «OFALLON 7, *From advertisement, this issue. 
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Mixers, Top Entering...... Makes avail- 
able information on top- 
entering mixers (propeller type) 
. . . for closed tanks, pressure & 
vacuum ... for open & loose-cov- 
ered tanks. Catalog B-103. 
321b *Mixing Equipment Co. 


Mixers, Tripe Action...... Triple action 
mixers give uniform blending and 
mixing in 2 to 7 minutes with 99% 
thorough distribution of minor ad- 
ditives. Nylon seals between tub 
and shaft. Color Bulletin. 

187 * Strong-Scott Mfg. Co. 


Mixing Equipment...... Company offers 
Side Entering Propeller Mixer Bul., 
RDC Extraction Column Bul., Min- 
erals Processing Bul., and General 
Turbo-Mixer Bul. New series of 
Turbo-Mixers in standard sizes. 
354a *General Amer. Transport. 


Pipe Hangers, Supports, & Vibration 
Eliminators...... Complete line of 
pipe hangers, supports, and vibra- 
tion Tach a complete 
joemene unit. Cat. No. 54. 
20c *Blaw-Knox Co. 


Process Equipment...... 32 p. bulletin 
covers all Allis-Chalmers equipment 
for the process industries. This 
bulletin, as weli as literature cover- 
ing specific equipment lines, 
available. Bulletin 25C6177. 

44-5 *Allis-Chalmers Mfg. Co. 


uistory “121 | INDUSTRY: Chemica 


PLANT: Butler Chemical Co., Galena Park, Tex. \ 


PRODUCT: Defluorinated Phosphate 


PROBLEM: To end an air pollution nuis- 
ance and recover saleable product being 
lost at the feed end of a calcining kiln. 
Collector specifications and performance 
must be guaranteed operative at 600°F. 
to prevent gumming and sticking of 
product caused by condensation. 


SOLUTION: A 224 tube Dustex D-400 
Dust Collector in a double bank tandem 
arrangement. Maintenance of 600°F. 
temperatures were possible hecause of 
the Dustex design incorporating an unob- 
structed inlet plenum and small cyclone 
tubes positioned in the clean gas exhaust 
plenum. This design feature maintains 
tubes at system temperature thus prevent- 
ing any possibility of condensation. 


RESULT: Elimination of pollution problem — economies resulting from product 


recovery have written off cost of Dustex unit. 2 


Equipment, Impervious 
Graphite ..... Bulletin shows a 
typical drawing or illustration of 
each type of equipment, lists the 
standard models available. Com- 
pany gives details in Bulletin No. 


390 *Falls Industries. 


P.O. BOX 2520 BUFFALO 25, N.Y. 


Pulleys, Electromagnetic...... Stearns 
manufactures electromagnetic pul- 
leys in sizes to meet your require- 
ments for positive tramp iron pro- 
tection on conveyor lines. Send for 
your copy of Bulletin 303-DB. 
450b *Stearns Magnetic Products. 


Pulleys, Magnetic...... Stearns builds a 
complete line of engineered mag- 
netic pulleys for positive tramp iron 
protection on conveyor lines in any 
processing industry. Request your 
Bulletin 350-CB. 
450a *Stearns Magnetic Products 


Pulverizers...... Pulverizers for Chemi- 
cal and allied industries. Uniform 
pulverizing to needle point and 
microscopic finenesses. Laboratory 
models designed for experimental 
work. Request Bulletin 242. 
531A *Gruendler Crusher & Pulv. 


Purifiers, Air, Gas & Steam...... In 
Bulletiii 801 are listed principal 
applications of Anderson purifiers. 
New information covers improved 
types of internal units installed 
inside vessels, etc. 
531B V. D. Anderson Co. 


*From advertisement, this issue. 


Any bulletin or catalog . . . 
yours for the asking 


You can get any publication in 
this literature listing by circling 
its key number on the Reader 
Service Post Card (inside back 
cover). Replies will reach you 
direct from the manufacturers. 
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Foran Easier Way | 
to Remove Packing ~ 


Here is a rugged, flexible, hand-tool that “works 
around corners” for removing old packing from D ry R A HOO K 
stuffing boxes. The picture above shows how J 
Dura Hooks operate around obstructions. All steel Ask your jobber—or write for he 


—tempered steel cork-screw bit—made in 6 sizes DURA HOOK Bulletin No. ceoH | 
—nominal in price. ; 


covering sizes and prices. 


gy CORPORATION 


DURAMETALLIC 
MICHIGAN 


KALAMAZOO 
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CORSON-CERVENY MICRO BELLOWS PUMPS 


deliver feed materials to Koppers Research 
Bench Scale Pilot Plants 


When developing bench scale continuous processes re- 
quiring accurately proportioned feeds, Konpers’ Verona 
Research Center scientists turn to the Corson-Cerveny 
Micro Bellows Pump. Due to simplicity of construction with 
consequent ease of maintenance and cleaning, this pump has 
been first choice on many important operations. 

This is another of the many ways the Corson-Cerveny 
Micro Bellows Pump helps research and development lab- 
oratories, especially where highly corrosive liquids are 
being pumped. These pumps, because they are fabricated of 
stainless steel and designed to eliminate packing, are free of 
corrosion. Write for descriptive bulletin. 


RESEARCH APPLIANCE CO. 


Box 307, Allison Park, Pa. 


a 


David knew it. Goliath 
learned it—too late. 


Your cleaners will have— 

more soil-loosening power because 
DRYMET is so highly concentrated 
more soil-dispersing power 
DRYMET is so highly colloidal 
more “staying” power because 
DRYMET provides a reserve of 
buffer capacity 


Let Cowies DRYMET help you with 
your formulating problems. 


SEND Get this DRYMET 
Cowles Chemical Company <—@ THis Fi 
7016 Euclid Avenue COUPON 
Cleveland 3, Ohio | 


Send me a Drymet File Folder 


Name. 

Company. CHEMICAL COMPANY 
Address. 

City. nei CLEVELAND 3, OHIO 


LITERATURE .. . 


Reclaimer Systems, Oil...... A simple 
economical and efficient method of 
restoring contaminated lubricating 
and sealing oil to the full value of 
new oil. Offers details on reclaimers 


in Bulletin R-160. 
379 *Hilliard Corp. 


Reducers, Speed...... Bulletin 1105 com- 
bines complete information on the 
Falk line of concentric shaft and 
right-angle speed reducers for ap- 
plications up to 140 hp. Selection 
ables give o at glance. 
532A Falk Corp. 


Reducers, Speed...... Complete details 
on an improved and extensive line 
of speed reducers are presented in 
Bulletin CD-218. Use of double-en- 
veloping worm’ gearing provides 
more load-carrying capacity. 
532B Michigan Tool Co. 


Samplers, Automatic...... Heavy duty 
units, extra rigid track and _ ball- 
bearing wheels assure _ positive 
travel and timing of sample cutter. 
Available in stainless steel. Full de- 
tails available in Bulletin S1-34. 
516g *Denver Equipment Co. 


Screens...... “Symons” rod deck ssreens 
offer low screening cost, big capa- 
city, for wet and sticky ores, mini- 
mum maintenance. Bulletin 94C 
covers economy, capacity, vibrator, 
housing and screen deck. 
532C Nordberg Mfg. Co. 


Screens, Vibrating ..... . Gives fast, 
clean separation without blinding. 
Even, smooth flow of material be- 
cause of patented “true-circle” ec- 
centric action. Full details available 
in Bulletin S3-B11. 
516h *Denver Equipment Co. 


Separators, Liquid ...... Continuously 
separate emulsions in steam distil- 
lations, solvent extractions, organic 
reactions. For dewatering of sol- 
vents and hydrocarbons, recovery of 
liquids. Bulletin SC1044. 
42-3f *Selas Corp. of America. 


Separators, Liquid-Gas ...... Selas 
Liqui-Jectors protect air, gas, and 
steam systems and pneumatically 
operated instruments from effects 
of entrained water, oil, water-oil, 
water-oil and dirt. Bulletin S1052. 
42-3d *Selas Corp. of America. 


Spectrophotometers ...... New KM-I 
table-top double-beam infrared re- 
cording spectrophotometer designed 
especially for routine analyses. 
Many accessories available, new 
smaller dimensions. Bul. IR-448. 
514 *Baird-Atomic, Inc. 


Tank Vents & Flame Arrestors...... 
BS&B tank vents, flame arrestors, 
and arrestor vents combining the 
features of the above are described 
in Catalog 76-16. Request your copy 


now. 
373 Black, Sivalls, & Bryson 
Thickeners...... Enclosed, running-in- 


oil tread motion. Patented spiral 
rakes move settled solids to center 
discharge with continuous motion, 
rapid removal of solids tends to 
eliminate overload. Bul. T5-B5. 

516i *Denver Equipment Co. 


Viscosity Recording ...... Process 
mounted viscometer, the Viscome- 
tran, is now used for end point 
determination and continuous “in- 
process” viscosity recording. De- 
pendable, easily cleaned. New data 


sheet. 
509 *Brookfield Engineering Labs. 


* From advertisement, this issue 
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Blends many liquids 
automatically 
e | 
mple 
with 
‘unexcelled accuracy 
e gauge 
the that h 
and as 
tion hi | 
everything! 
Tp. 
tails - 
line 
LEAK-PROOF ONE-PIECE CONSTRUCTION... bourdon tube 
ides fused to socket and tip by exclusive “Conoweld” process. 
@ STURDY “MARSHALLOY” CASE... formed of boiler-plate- 
Co. thickness steel, copper clad inside and outside to give it the 
— corrosion resistance of solid copper. It’s one third lighter, 
luty ae ‘ but four times stronger than cast iron. 
Bowser precision proportioners auto- © PRECISION “MASTERGAUGE” MOVEMENT... with such ex- 
rae matically and accurately blend two clusive features as the coined sector gear. 
de- or a e liquids in closed, continuous @ AVAILABLE WITH STAINLESS TUBE AND SOCKET... choice 
production. of stainless steels and alloys for all corrosive conditions. 
Co. A simple setting of the percentage @ WITH “RECALIBRATOR” .. . quickest and best way to keepa 
ens selectors provides any ghey gauge accurate. 
blend from 2% to 100%. XACTO, 
940 assures perfect proportioning of all each the best of its kind. Ask for data. 
tor, liquids being mixed, compounded or , 
ast. SIMPLICITY OF DESIGN SAVES SPACE & 
ing. + + » REDUCES MAINTENANCE MARSH INSTRUMENT CO., Soles Affiliate of Jos. P. Marsh Corp., Dept. 24, Skokie, Ill, 
be- 30.00 9 Marsh Instrument and Valve Co. (Canada) Ltd. 8407 103rd St., Edmonton, Alberta. 
fie t Houston Branch Plant: 1121 Rothwell St., Sect. 15, Houston, Texas. 
ble 
Co. 
sly 
til- 
nic 
ol- 
of 
ca. 
las 
nd 
lly 
cts 
oil, 
2. 1. Xacto Meter 8. Selector 
ca. 2. Thermometer Wel: 9. Indicating & 
— 3. Inlet Contre! Totalizing Dial 
[-I Valve 10. Flow Indicator 
"e- 4. Differential 11. Inlet Pressure 
ed 5. Control Nut 12. one nies Pres- 
es. 6. Valve Control sure Gauge 
ow rm 13. Dial Thermometer 
7. Pump Control Cir- 14. Discharge Check 
1c. cuit & Switch Valve 
DIALS FOR EVERY PURPOSE | 
Dy Model K-— furnishes printed record of 
quantity dispensed or received for account- 
yn ing; Model P—delivers predetermined quan- 
tities up to 10.000 gallons; Model RP — de- 4A 
n= livers predetermined quantities, repeating Write to 
al ch quantity automatically. Dept. DIL //) Jf. P of Units by DURALAB are 
er | easily comhined to 
for new A COMPLETE LINE OF aut every 
Write for full color, 12- lectin . need, offering custom 
page Folder catalg SUP ERIOR QUALITY at 
= “XACTO PRECISK standardized unit cost. 
BLENDING SYSTEM.” TABLES CABINETS 
Inquiries receive prompt at- 
at CASES FUME HOODS tention. Planning services and 
<i e RADIO CHEM LAB EQUIP’T. -estimates at no obligation. 
1375 E. CREIGHTON AVE. i 
BROOKLYN 8.N.Y. 
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HEAT 
EXCHANGE 
and PROCESS 
EQUIPMENT 


C0. 


ALL ALUMINUM 
THis 


NAMEPLATE | AMMONIA COOLERS 
GUARANTEE 


Weight: 14,000 Ibs. 


OF 
QUALITY 


“} M & L engineers, drawing upon many years experience, 
| designed, engineered and fabricated above unit to meet all 
the exacting service peqeremnants set down in the specifications. 
This heat exchanger is all aluminum except the steel Van 
Stone flanges on the heads and connections. 


Condensers 
Three units of this size were furnished to a large Mid-Western 
Evaporators 4 Chemical manufacturer. 
Jacketed Kettles This is one more ad Manning we 
that; “Quality Comes rst.” Let us prove s to your satis- 
Ribbon Mixers a lend oe your copy of general bulletin 810, or better 
Agitators still, state all conditions of service for a prompt accurate pro- 
gitator: posal on the heat transfer equipment needed now in your plant. 
Reactors 
Pressure Vessels 
Heat Exchangers; Manning &: Lewis Company 


DESIGNERS & MANUFACTURERS OF udu ITY HEAT EXCHANGE EQUIPMENT 


20.42 OGDEN STREET _ NEWARK 4, NEW JERSEY 


lightweight 


HYDRAULIC 
PIPE BENDER 


GREENLEE NO. 880 


Bends pipe or conduit 90° with one ram stroke 
Handles 14-in. to 2-in. pipe or conduit 

Rugged aluminum alloy construction slashes weight 
Every bend perfectly uniform 
One man easily carries and operates it anywhere 
Separate two-speed hand pump and ram 
give faster handling and setup 
Operates with fast GREENLEE 798 Power Pumps 
Thin-wall conduit, tubing, and bus bar 
attachments available 
Write for illustrated Bulletin E-217 


Also: Ask about the new GREFNLEE No. 884 Hydrouile 
Pipe Bender . . . bends pipe and conduit up to 4 
full 90° in one fast stroke. 


GREENLEE 


_ GREENLEE TOOL Co. 
2426 Herbert Ave., Rockford, Illinois 


534 


LITERATURE . . 


Water Treatment...... Company offers 
folder on water treatment: impor- 
tance of water; water treatment by 
ion exchange; research facilities; 
types of equipment; terminology: 
modernization. Request copy. 
534A H. M. Mueller Corp. 


Water & Waste Treaters...... Infilco’s 
complete line of equipment and 
processes for treating municipal 
and industrial water, sewage and 
industrial waste are covered in 
Bulletin 80 now available. 
534B Infilco, Inc. 


Welding Repair...... New bulletin tells 
how various welding processes are 
used to repair broken or worn ma- 
chinery, structures, storage tanks. 
and material-handling equipment. 
Repairs follow ASME code. 
534C Metalweld, Inc. 


Wire Cloth...... catalog describes. 
company’s ies for abricating 
wire cloth parts. Wire cloth parts. 
for screening, filtering and special 
uses. Provides all metallurical 
Request your co) 

372 *Cambridge Ww. e Cloth Co. 


Pumps, Blowers, 
Compressors 


Blowers, Centrifugal ...... De Laval 
makes blowers as well 
as a complete line of equipment for 
all refinery services, including mul- 
ti-stage compressors and 
Send for ed of Bulletin 0 
432 *De Laval Steam Co. 


Compressors...... Describes Allis-Chal- 
mers single and two-stage vane 
type compressors for shop air, gas 
handling, drilling and numerous. 
other applications. Bulletin Nos. 
16B8244 and 16B8126. 

133 *Allis-Chalmers Mfg. Co. 


Fans, Exhaust...... Exhaust Fumes 
from Corrosive Chemicals deals 
with the extensive and costly prob- 
lems of corrosive fumes and atmos- 
pheres. Offers tips on Heil-designed 
air-moving equipment. 
534D Heil Process Equipment Corp. 


Pump, Controlled Volume......Com- 
oe specifications and dimensions 

or a new controlled volume barrel 
pump are offered in new Bulletin 
1256. Pump meters and pumps toxic 

or corrosive chemicals Irom drums. 


Milton Roy Co. 


Pe 64-page catalog covers. 
Punthe com mplete Waukesha line of 
positive- sanitary and 
corrosion-resistant pumps. Instruc- 
tions for estimating requirements, 

and servicing. 
Waukesha 1 Foundry Co. 


Pumps...... Available in aluminum, 
stainless steel, Hastelloy 
and titanium, Aldrich fluid ends. 
handle all types of liquids—nitric 
acid, caustic solutions, fatty acids, 
etc. Details in Data Sheet 100. 
idrich Pump Co. 


. . Rubber permanent! y 
to the impeller and a 

liquid passages prevents the cor- 
rosion that could quickly put an 
ordinary metal pump out of action. 
Details in Bulle 982. 


*Buffalo Pumps. 


* From advertisement, this issue 


June 1957—Cuemicat ENGINEERING. 


. 
“a4 
wo 
| | 
| 
3 


Pumps...... Ingersoll-Rand motor- 
pumps have well-balanced impellers 
and poo machined parts help 
provide peak performance and 
smooth operation on every job. Re- 
latest Motor Catalog. 

87 *Ingersoll-Rand. 


ee ae “How to Solve Pumping 
Problems” presents a general ex- 
of rotary gear pumps, 
tors of pumping problems, sam- 
ple problems and echnical’ data. 

a details in Form 3060. 
Geo. D. Roper Corp. 


Practical Guide to Pump 
Selection——illustrations é& descrip- 
tions with capacities & adaptability 
of pumps contained in compilation 
of facts to avoid costly mis- 
Bulletin S-146. 
L527 *Taber Pump Co. 


Acid ...... Mighty midget for 
acids. Jabsco neoprene- 

er pump made of Ace hard 

impel outlasts, out-pumps any- 
thing in its pressure, size and aalie 
class. Full details in Bulletin 97-A. 
364b *American Hard Rubber Co. 


Pumps, Acid...... epee centrifugal 
pom with hard ber casing and 
mpeller, Hastelloy C shaft. Han- 
dles nearly all corrosives. Mechan- 
ically simple, trouble-free. For de- 
request Bulletin CE-55. 
*American Hard Rubber Co. 


Pumps, Boiler Feed...... Type RR two- 
stage and four-stage pumps have 
efficient, balanced pellers, over- 
size bearings hoe shafts, rugged 
casings with anne y formed water 
ea See Bulletin 980. 

*Buffalo Pumps. 


| 
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RESISTANCE THERMOMETER 


INTRODUCING STRAPON ... NEWEST ADDITION 
TO THE RdF FAMILY OF SURFACE TEMPERATURE 
MEASURING DEVICES 
STRAPONS, developed by Arthur C. Ruge Asso- 
ciates Inc., answer the need for a moisture 
resistant, portable, reusable and truly flexible 
surface temperature transducer. 
Usable from — 100°F to 500°F, the 
STRAPON consists of a STIKON.type ele- 
ment (similar to the SN-1) intimately bonded 
to a thin (.002”) stainless steel backing with — ACTUAL SIZE 
an overmold of SILASTIC permitting usage 
in the presence of @ radioactive fields @ high Dai 
humidity e water e alcohols e salts @ min- 
eral and vegetable oils @ certain acids and 
caustics, etc. 


‘STRAPON flexible leads — supplied in 
length — are molded in place and insulated STRAPON CLAMP 
with silicone rubber. STRAPONS are also —one of many 
available mounted on a backing plate for adaptors available 
ambient or for surface measurement. 

In addition to RdF STRAPONS and standard STIKONS, we manufacture a wide 
variety of special elements and systems for temperature measurement and 
control. Send for free literature or write stating your special problem. 


ARTHUR C. RUGE ASSOCIATES INC. [i 


733 CONCORD AVENUE, CAMBRIDGE 38, MASSACHUSETTS 


Pumps, Centrifugal...... New type = 
corrosion resistant single -s 
non-priming centrifugal pump ae 
to handle large quantities of air or 
gases mixed with the liquid. Re- 
Bulletin D-3. 

83 *LaBour Co. 


Pumps, Centrifugal... me- 
chanical sea with 
Standard End Suction Centrifugal 
pumps. Easily Raabe from one to 
the other standard stock 

arts, Bulletin "W-300-B4B. 
2-3 *Worthington Corp. 


Pumps, Centrifugal ...... Illustrated 
reference describes line of SSV cen- 
trifugal pumps. Includes details of 
construction of the various sizes 
available, operating advantages for 
users, ete. Bulletin No. 107. 

L542 *Frederick Iron & Steel. 


ee Chemical...... Offer features 
at make them rugged, depend- 
able, long-lived pumps for handling 
corrosive liquids. In 9 sizes provid- 
ing capacities up to 720 gpm & 

heads up to 200 ft, Bulletin 725.4. 
*Goulds Pumps. 


Pumps, Corrosion Resistant...... Man- 
ual CE-55 helps you select the cor- 

rect corrosion-resistant pump for 
any application up to 350 gpm. 
Comparative data are shown for 


four types of pumps. 
535A j Hard Rubber Co. 
Pumps, Double Suction ...... Hydraul- 


ically balanced, efficient and dura- 
ble, in sizes to deliver from 10 to 
14,000 gpm for circulating, air con- 
ditioning, other plant services. De- 
tails in Bulletin 955. 

Ma *Buffalo Pumps. 


* From advertisement, this issue 
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LOADING A “DAVENPORT” 
8’x70’ ROTARY STEAM 


TUBE DRYER PRESSING — DRYING” 
and 

This above unit weighs 101,000 Ibs. and is ; 
rolled onto 3 for c LING Equipment 
shipment, This unit to*be used to dry soybean 
flakes at a rate of 1,920,000 Ibs. in 24 hours. Cont tee | 
Let our engineers consult with you on your Pressing, 
Drying and Cooling problems or send "ee our ROTARY DRYERS 
log “A”. For quick reference consult your Chemical “Steam Tube, Hot Air 
Engineering Catalog. Direct 


Water dnd Air 


DAVENPORT IOWA, U. S. A. 
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Panalarm Annunciator 
pinpoints process 
“off-normals” 


In the process industries and among 
users of automatic machinery, trouble 
is minimized when it’s caught eariy. 
That’s the purpose of the Panalarm 
Annunciator System — a continuous 
monitor of your process. 


One typical adaptation of the mod- 
ular Panalarm system is engineered 
to differentiate between the first “off- 
normal” and subsequent “off-normals” 
caused by the first. This feature al- 
lows instantaneous recognition of the 
prime source of trouble in a “chain 
reaction.” 


Another adaptation is designed spe- 
cifically for motor start-up and shut- 
down. It has also been successfully 
adapted for supervisory control, pump 
control and programming. 


Your Panalarm sales engineer will 
be happy to make a survey of your 
requirements to determine whether a 
Panalarm system can aid productivity 
and safety in your process. For elec- 
trical and mechanical data on stand- 
ard systems, request Catalog 100B on 
your letterhead. 


Division of 
PANELLIT, INC. 


7413 N. Hamlin Avenue, Skokie, Illinois 
Panellit of Canada, Ltd., Toronto 14 


Engineered Information Systems for Industry 


Panellit Service 
Corporation 


I 


Graphic Panels, 
Systems 


Control Centers 


LITERATURE .. . 


Pumps, High Vacuum Catalog 
covers: industrial and_ scientific 
applications, types of vacuum sys- 
tems, operating mechanism, vibra- 
tion elimination, gas ballast, dis- 
charge valves, etc. Catalog 425A. 
536A Kinney Mfg. Div. 


Pumps, High Vacuum y 
vacuum pumps and high vacuum 
systems, including mechanical 
booster pumps and oil sealed me- 
chanical pumps, increase produc- 
tion and lower costs. Latest litera- 


ture. 
*Kinney Mfg. Div. 


Pumps, Liquefied Gas Special line 
of eed handle liquid oxygen, 
a d nitrogen and other gases 
which can only be — at very 
low temperatures. quest your 
cony of Bulletin 203-7. 

40 *Lawrence Pumps Inc. 


Pumps, Paper Stock 
high li 
money and trouble with non-clog- 
ging paper stock pumps. Available 
in alloys or rubber-lined for cor- 
_— and abrasive liquids. Bulletin 


*Buffalo Pumps. 


Pumps, Proc Peerless type DL 
& DM chemical process pumps fea- 
ture: accessibility, durability, ser- 
viceability, interchangeability, reli- 
ability and availability. For com- 
plete details, see Bulletin B-1608. 
442 *Peerless Pump Div. 


Pumps, Sand Rubber lined sand 

umps lower pumping costs 30% to 

0% due to simple design and accu- 

racy of rubber parts which increase 

efficiency 1% to 3 times over other 
sand pumps. Bul. P9-B8. 

516f *Denver Equipment Co. 


Pum Sanitary Offers 18 new 
eatures: heavier shaft construc- 
tion . . . Twin O-Ring Seal that 
positively prevents product leakage 
or intake of air .. . reversible sleeve 
to save shaft wear. 1957 Catalog. 
370 Waukesha Foundry Co. 


Pumps, Stock Four bulletins cover 
Warren stock pumps for pulp and 
paper mills. These bulletins are 
all revised. For complete details, 
see Bulletin 231, Bulletin 234, Bul- 
letin 235, Bulletin 243. 
536B Warren Pumps Inc. 


5 Viking truck pumps 
Save time and money when loading 
and unloading liquids or semi- 
solids. Powered from the truck, 
equipped with integral relief valves. 
Catalogs Gc and SP377c. 
L545 *Viking Pump Co. 


Pumps, Vacuum Stokes Vacuum 
Calculator simplifies calculation of 
pump performance and selection of 
an p size for specific applications. 

ill story on Microvac design fea- 
tures in Catalog No. 752. 
454a *F. J. Stokes Corp. 


Pum Vacuum Stokes Corp. of- 

ers valuable advice, free, in Book- 
let 755. “How to Care for Your Vac- 
uum ” and manufactures 
highly efficient, compact, easily 
maintained, low-cost Microvac 


pumps. 

454b *F. J. Stokes Corp. 

Pumps, Vertical Turbine Deming 
Vertical Turbine Pumps offer many 
cost-saving features and advan- 
tages, can = for their cost in a 
year or less where municipal water 
rates are high. Bulletin 4700. 
403 *Deming Co. 


*From advertisement, this issue. 


Get the 
READINGS 
of LIQUIDS 
THAT BOIL 


Jerguson 
Large 
Chamber 
Gage 


The Jerguson Large 
Chamber Gage is de- 
signed to indicate the 
level of liquids whose 
tendency to boil and 
flash makes an accu- 
rate level reading im- 
possible with ordinary 


gages. 


The chamber of this Jerguson Gage is 
of such large diameter that the level is 
not badly upset by boiling action of the 
fluid. This makes possible close level 
readings, the kind you want and need 
for accurate control and safety. 


You don’t have to be satisfied with 
gages that require guessing at level read- 
ings. If liquids boil, install Jerguson 
Large Chamber Gages and be sure of the 
liquid level. 


The Jerguson Large Chamber Gage is 
available in reflex and transparent types. 
Write for full information on this and 
other Jerguson Gages. 


Tapped %/,” pipe 
threads standard. 
Available with 
2” flanged ends 
for direct connec- 
tion to vessel. 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
Pétrole Service, Paris, France 
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Is Solvent 
Recovery Practical? 


You bet it is! With a solvent recovery 
system, practically all kinds of volatile 
solvents and solvent mixtures can be re- 
covered safely, efficiently, and economi- 
cally. So, solvent recovery is practical 
because it means increased profits. 


Here’s why: 

e The initial cost of a solvent becomes 
a secondary consideration. High priced 
solvents can be used at no extra operating 
cost. 


e Solvents can be reused indefinitely. 
During periods of solvent shortages, effi- 
cient recovery is invaluable. 


e Fire and health hazards are reduced 
and you have a closer check on solvent 
evaporation rates. 


Solvent recovery plants are designed 
to suit your particular needs whether 50 
or 100,000 gallons a day. In most cases, 
solvents can be recovered with an effi- 
ciency of more than 99% at a cost of 
1 to 2¢ per pound. The investment is 
moderate too. Some recovery plants run- 
ning at capacity pay for themselves in less 
than a year. Under other conditions, it 
takes only two or three years. 

CarBipE has much more information 
on how a Corumsia Activated Carbon 
Solvent Recovery plant can cut your 
processing costs. Write now! 


CARBIDE 


AND CARBON 
CHEMICALS 


CARBIDE AND CARBON 
CHEMICALS COMPANY 


A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street [[ New York 17, N. Y. 


“Columbia” is a registered trade-mark of UCC. 
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LITERATURE . . . 


Ventilator, Roof Descriptions to- 
gether with dimensions and capaci- 
ties are given in Bulletin 550 for 
the centrilator, a centrifugal type 
roof ventilator with an exclusive Tet 
feature. 
537A Clarage Fan Co. 


Ventilators, Roof Centrifugal type 
ower roof ventilators are stable, 
ighly efficient, quiet, easily in- 

stalled, suited to installations with 
and without ductwork and hoods. 
Write for Bulletin 550. 

88 *Clarage Fan Co. 


Services, Processes, Misc. 


Analytical Instruments 
alog describes line of infrared 
and ultraviolet spectrophotometers, 
monochromators, flame photome- 
ters, vapor fractometers, accessories 
and components. 
537B Perkin-Elmer Corp. 


Catalytic Cracker “Model IV Fluid 
Catalytic Cracking” describes a 
continuous, flexible process for con- 
verting gas oils and deasphalted 
stocks to high octane motor gas- 
oline and other distillate products. 
537C Esso Research & Eng. Co. 


Construction, Process Plant Facilities 

Design, engineering, con- 

struction of hydrocarbon processing 

ae gas producing plants, chem- 

cal plants, high-grade specialty 
catalysts. Brochure G-306. 

2 *Girdler Co. 


Eye Savers Booklet gives advan- 
tages of modern plastics for safer, 
low cost eye protection. Eye savers 
methyl methacrylate is cast optic- 
ally correct, not molded. Full de- 
tails in Bulletin No. 200. 
537D Watchemoket Optical Co. 


Fire Extinguishers For informa- 
tion on dry chemical, carbon diox- 
ide, and wet chemical fire extin- 
guishers write in for Kiddie’s P-8 
catalog. Easy to use, fast action, 
portable, different sizes. 

507 *Walter Kidde & Co. 


Fire Protection Systems 
matic fog system protects you 
around the clock, sounding alarms 
& putting water to work instantly 
whenever needed. “Fire Can De- 
Your Business”. 


*Blaw-Knox Co. 


Laboratory Equipment Catalog 79, 
8 p., describes a line of jar rolling 
machines for production and lab- 
oratory wet or dry grinding, pulver-~ 
izing and mixing of chemicals, 
colors, pigments. 
537E Abbe Engineering Co. 


Laboratory Equipment “What's 
New for the Laboratory,” 16 p. 
booklet, describes stainless steel 
vacuum and pressure filters, flask 
heaters, molecular stills, pipettes, 
flexible heating tapes. 
537F Scientific Glass App. Co. 


Laboratory Equipment 8 p. leaflet, 
“New Apparatus and Equipment for 
the Laboratory,” pictures and de- 
scribes such as micro- 
projectors, refractometers, vacuum 
pumps, accessories. 
537G Wilkens-Anderson Co. 


* From advertisement, this issue. 


how to pick a 
COLLOID ILL 


QV-6-1 Laboratory 

Model has 2 HP uni- 

versal motor with 5 gal. VT-11 Production Model 
taint steel jacketed has 15 or 20 HP rotor 
with 20 gal. stainless 
steel jacketed hopper. 


hopper or pressure head 
for feed. 


Picking the proper colloid mill—for the 
best possible results in grinding, emulsi- 
fying and homogenizing—isn’t always easy. 
For most colloid mills are “look-alikes”— 
on the outside. 

But if you stripped a G-W Eppenbach 
Colloid Mill down, you’d see fundamental 
differences—like the calibrated micrometer 
adjustment that assures accurate clear- 
ances between rotor and stator (which 
can be reproduced exactly at any time) 
...the by-pass assembly that recirculates 
material until ready for discharge... the 
tangential discharge outlet that allows 
material to flow out rapidly at a natural 
angle, for maximum production... the 
safety stop studs for protection of the 
rotor-stator at small gap settings... the 
component design of rotor-stator...and 
many other quality features. 

In addition, any laboratory, pilot plant, 
or production model with the standard, 
open, gravicy fed hopper can easily be 
transferred into a unit suitable for con- 
tinuous flow operations by interchanging 
the hopper with the pressure head as- 
sembly shown below. 

All these features make the easy-to-use, 
easy-to-clean, easy-to-install Eppenbach 
Colloid Mill an exceptional long-term in- 
vestment in service, economy and effi- 
ciency. Write for our new catalog. 


| Co. 


| Eppenbach Division, Depi E-6 ! 
| 420 Lexington Ave., New York >». N.Y. | 


l Yes, please, send me your new Eppenbach 
Catalog. 


| Name and Title 


| 
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NOZZLES 


The structure 
of a spray is a world of 
spherical bodies in motion 
with “wide” spaces in 
between. This is ‘ 
one of the levels of 
observation where our 4, 
research engineers obtain - 
important data for better 
spray nozzle design and 
performance. 


.. For complete information, write for Catalog 24. 


SPRAYING SYSTEMS CO. 


3275 RANDOLPH + BELLWOOD, ILLINOIS 

ADVANCED SPRAY NOZZLE DESIGN FOR NEW 
DIMENSIONS IN CONTROL AND PERFORMANCE 


weight 35,000 Ibs. 
size 14’ x 12’ x 6’ 


Dry Sand 
Molded 


For many years Kutztown foundrymen have where there is no necessity for having 
been molding medium to large castings in large, cumbersome iron flasks. However, 
dry sand, molding them perfectly in large | whatever method of casting is used—dry 
pits. Heavy walls and strong, thick ribs sand, loam or machine molding—you can 
are characteristic of these castings. Be- be certain that the “sculptors” of Kutztown 
cause they are so massive they are more are skilled in the practical art of making 
efficiently and economically made in pits high quality castings. 


We'll be happy to place your name on our mailing Jist to receive regular issues 
of the “Kutztown REVIEW”. 


GRAY IRON PRESSURE IRON HIGH IRON NI-RESIST 


* LO-ALLOY IRON = DUCTILE IRO 


KUTZTOWN FOUNDRY & MACHINE CORP. 
KUTZTOWN, PENNSYLVANIA 


LITERATURE . . . 


Laboratory Instruments...... Bulletin 
2161 describes the use of a soften- 
ing point kit and a heat distortion 
tester for polyethylene samples. 
Suggests modifications for tester 
use on other plastics. 
538A American Instrument Co. 


Laboratory Instruments...... 4 p. bro 
chure describes new Model 
dustrial gas chromatograph. Flow 
diagram show how continuous sam- 
pling for automatic analysis can be 


accomplished. 
538B Beckman Instruments, Inc. 
Molecular Models...... 4 p. leaflet pic- 


tures and describes model sets used 
for construction of accurate three- 
dimensional representations of 
molecular structures. 
chart covers set’s elements. 

Arthur F. Smith Co. 


Nuclear Radiation...... Brochure de- 
scribes service for radiation testing 
of materials, radiation effects and 
damage evaluations. Includes infor- 
mation on use of nuclear radiation 
in industry. 
538D Radiation Applications Inc. 


Production Facilities...... Comprehen- 
sive production facilities available 
for contract work: 
facilities, experienced personne 
flexibility, dependability. Foundry, 
metal working, etc. Bulletin. 
538E Troy Engine & Machine Co. 


eae Laboratory...... Testing labo- 

facilities for complete batch 

Po pilot tests. Ample test facilities 

for investigations on crushing, 

grinding, mixing, classification, 
separa on, etc. Bulletin T4-B15. 

516j *Denver Equipment Co. 


Water Treatment...... Technical paper 
No. 134, “Biological Fouling in Cool- 
ing Water Systems,” discusses com- 
mon problems of slime and algae 
and selection of control agents poe 
the proper toxicant. 
538F Betz Laboratories, Inc. 


Water Treatment...... Technical paper 
ty 135, “Conductivity Vs. Sodium 
Flame lotometer in 
Steam-Purity Studies,” presents re- 
sults of extensive laboratory and 


plant work. 
538G Betz Laboratories, Inc. 


Zirconia Ware...... Properties and 
characteristics of stabilized zirconia 
ware are described. Includes com- 
prehensive refractory comparison 
chart on zirconia. Lists types of 
crucibles, tubing, boats available. 
538H Laboratory Equipment Corp. 


*From advertisement, this issue 


Fo: the latest developments ia 
Chemicals 
Equipment 
Processes 


you'll find our “Guide To Tech- 
nical Literature” right up your 
alley. You. can get any bulletin 
or catalog in this listing . . . and 
fast. Simply circle the item’s 
number on the Reader Service 
Post Card and mail. 
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HYDRO-FILTER 


pS dust here 


Unique turbulent area assures 
positive dust collection 
at constant efficiency ... 
to the micron range 


Here is the “heart” of the Hydro- 
‘Milter principle of dust separation. 
‘This violently turbulent area of water, 
bubbles and mist is produced by the 
countercurrent action of air against 
water. Constant long contact between 
the air being cleaned and the water 
which is doing the cleaning produces 
a scrubbing action which is positive, 
thorough and unaffected by variation 
in volume and velocity of flow. Dust 
is entrained by any, or all, of three 
means: (1) Entrapment within fall- 
ing water droplets; (2) Impingement 
on bubble surfaces; (3) Impingement 
on wetted surface of glass spheres. 
As the photo indicates, the entire 
collection area is continually flushed. 
There are no dead areas to corrode 
or erode. No moving parts to “load 
up” and reduce efficiency. Mainte- 
nance is a matter of minutes a month, 
Collection of dust to micron size 
is continuous and ~ 
sludge removal auto-: 
matic with the Na- 
tional Hydro-Filter. 


éWrite for’. 


See why and how sep- 
arating efficiencies of 
up te 98.9% on 
foundry shakeout dust 
are possible practical 
—and continuous with 
Hydro-Filter! 


S> 


Dust Collector Corp. 
608 Machinery Hall Bldg., Chicago 6, Illinois 


y of National Engineering Company, 
Manvfacturer of Simpson Mix-Mullers. 
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NEWPaTENTED, WATER-CONDITIONER 
KE-TONE™ 


removes scale, inhibits corrosion 


wie 


Before KE-TONE 90 Days after KE-TONE 


KE-TONE — “Makes Water Work” 


KE-TONE is a new and unconventional method for solving 
water-caused scale and corrosion problems. Developed from 
recent research in chelate and surface chemistry, it works by 
surface adsorption to fracture, suspend and dissolve scale, 
Only a few parts per million are needed to activate large 
volumes of water. _ 

KE-TONE is highly efficient, extremely economical and per- 
formance-proved in the treatment of large or small volumes of 
water used in cooling towers, evaporators, boilers, heat ex- 
changers and other industrial or commercial systems. 


Outline your scale problem and send for Technical Bulletin 
on KE-TONE today. Ask for quote on 5 or 10 gal. Trial Drum. 
*Composition and Methods Patented 


UNITED CHEMICAL CORPORATION 
OF NEW MEXICO, HOBBS, NEW MEXICO 


EASTERN 
PORTABLE 
MIXERS 


Portable mixers provide the thrifty answer to 
many mixing problems. Versatile Eastern 
Mixers can be quickly shifted from task 
to task to allow one mixer to serve 
many needs. 

Available from 1/20 to 5 H.P. 
with a variety of speeds and 
motor enclosures, your small 
investment in an Eastern 
Portable quickly pays for 
itself even if your needs 
are infrequent and varied. 


For complete portable mixer 
information, write for 
Eastern Bulletin 520-A. 


Regent St., E. Norwalk, Conn. 
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INDUSTRIES, INC 
= 


This Despatch Electric V-35 Production 
Oven at N.F.C. | Co., Anoka, 
Minn., anneals and finishes Cold” 
beverage servers made of 100% plastic. 
Resin glue mixed with ground acrylic 
plastic is :pplied to component paris and 
clamped :n When joints adhere, pit- 
chersa are baked at 150°-200° PF. for two hours 
to ameal al) parts together permanently. 
Automatic temperziure control assures 
top volume production. When temperature 
is cet, heat remains uniform throughout the 
baking cycle. Sliding shelves permit fast 
-35 oven handles up to pitchers at a 
WRITE FOR V-BULLETIN time, The: 650° F. temperature capacity alee 
enables to use their Despatch oven 
DESPATCH for baking standard and wrinkle finishes on 
metal parts for other products. 


DESPATCH OVEN COMPANY jannearous 14 MINNESOTA 


* Tradema rk 


Troy's new compact unit combines a powerful disperser head with 
the rugged diamond-shaped agitator to produce finished homoge- 
neous batches without further milling — for the majority of present 
inks and paints. 

Modern design gives proportional hydraulic shear, kinetic im- 
pingement and mulling action for better wetting, improved color 
dispersion and uniform blending. Send samples for trial processing. 

Write Troy for details of special Capital-Purchase plan. 


T O Y 705 Parsons Street 
Engine & Machine Co. Troy, Pennsylvania 


RLADER SERVICE... 


“PRODUCTS. 


Your complex index to 
chemicals, materials, equip- 
ment and services, taken from 
this issue’s advertisements, 
new products departments 
and “Guide to Technical 
Literature.” 


Products listed feature 
code numbers which show the 
page on which they appear, L 
(left), R (right), T (top), B 
(bottom) indicate ad loca- 
tion; A, B, C, ete. and a, b, ¢, 
ete. identify specific product 
items on an editorial pore ov 
im an ad. 


You can gei istormation 
on any listings by circling its 
key number on the Reader 
Service Postcard (see inside 
back cover). Replies will 
come direct from the com- 
panies manufacturing the 
products. 


Chemicals 


Additive, motor oil .......... . 
Alcohols. fatty, TD1233 
Alkyl acid phosphates............. 222 
Alumina, activated ........ a3 
Aluminum chloride ....... 
Ammonium thiocyanate 


Banzyl chloride, 

bulletin BZYL °1-57............. 


Oarbon, activated 


Carbonate of potash............... 2. 

Chemical specialties ........ 503A, 3038 
Corrosion inhibitor 503F 
Diethy! toluamide. 178A 
504A 
504B 


Epoxy potting & casting system...180D 
Epoxy resins, bulletin EP-56-65...504C 


Ethylene amines, bulletin F-8163A 177 
Explosive, mine blasting .........: 151c 

Fatty acids & methyl esters...... L545 
Fluorine compounds ............. 176C 
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INDEX 


Cc. J. ROHRBACH 


Industrial cleansers .............. 504H 


Menthane diamine ............... 


Ortho-dichlerobenzene ............ 
Para-dichlorobenzene ............ 222h. 
Periiciliins, synuhetic .. ..........180H 
Phosphates 

& filter aids, 71-2h 
Polyethylene 

Polymers, block ... 62-3 

» caustic 

Sodium dispersions .............. 71-2b 
Sodium metasilicate, anhydrous. ..B532 
Sodium sulfhydrate .............. 222a 
Sodium tetraphenylboron, 

Surface active agents....... 506A, 506B 
1, 2, 4, 5-Tetrachlorobenzene...... 222k 
Tetramethyl thiuram disulfide....180F 
Trichlorobenzene 222. 
Trimethylolpropane ............... 11 

=a & triethyl aluminum, 

Uranium extractants............. 172A 
Vinyl plastisols....... 506C 
oe index improvers......... 180G 

Wax & polyethylerie.............. 180C 
506E, 506F, 507A 
Equipment 
Adsorbers, vapor, bulletin 

7 rotary, bulletin P-55...... 506 

loys: 

Cast chrome nickel iron.......... 437 
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NFM Nylon Filter cel 


is not affected by 
Most common alkalies _ Alcohols 
Most organic acids Carbon Bisulphide 
Halogenated hydrocarbons Carbon Tetrachloride 
Aldehydes Trichloroethylene 
Ketones Benzene 


In addition, the fiber strength of Nylon ranks first among all others, 
whether natural or synthetic. It has excellent heat resistance. It is un- 
affected by mold, fungi and bacteria growths. The extremely smooth sur- 
face of Nylon makes for easy cake discharge — even extremely sticky 
and tenacious cakes separate freely and cleanly from the face of the 
cloth. This is important since it reduces blinding and increases flow rates 
and filter capacity. 

We also weave cloth of treated Cotton, VINCELt, SARAN, DYNEL, GLASS, 
DACRONtt, TEFLON***, POLYETHYLENE, ORLON*, and POLYMAXt. 


...for your Filter Paper requirements try NETONE Filter Paper. High tensile 
strength, chemical resistant, high burst factor, abrasion resistant and 
crease resistant. Send for a test sample. 

Write us for test samples—when you do, tell us about your filter problems. 


*TM for duPont Acrylic Fiber +TM—NEFM Reg. U. S. Pat. Off. 
%2°TM for duPont Tetrafluorethylene Fiber ttTM for duPont Polyester Fiber 


| of Industrial Filter Media for over Fifty Ycars 


e National JFilter Mledia Corp.) 


General Offices & Mills: New Haven 14, Conn. 
Western Office and Factory: _ Lake City 2, Utah 
Sales Offices—Rep 


Los Angeles, Calif.: 811 West 7th Street Houston, Texes: 1503 Hodley St. 
Chicago, iil.: 3557 W. Peterson Ave. Oslo, Norway: Nicolai Friis 
Cincinnati, Ohio: Roselawn Center Bidg. Johannesburg, South Africa: Edward L. Botemon 
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EFFICIENT | 
DEPENDABLE 
SERVICE 


Enclosed Impeller 
and Open Impeller Types 


You’re sure of maximum service and 
output with minimum maintenance or 
production down time with Frederick 
SSV Centrifugal Pumps because each 
pump is custom-made to fit your par- 
ticular operation—whatever the consis- 
tency or type of liquid you’re moving. 


SSV PUMP FEATURES 


@ Pump sizes from 1” to 4” discharge 
openings. 

@ Pump capacities from 50 up to 700 
U.S. GPM. 

@ Heads from 30 up to 220 feet. 

@ Pumps speeds can be varied to suit 
the driving media and operating 
conditions. 


CONSTRUCTION ADVANTAGES 


Pump casings are vertically split for 
easy accessibility. Mounted on a swivel 
to permit placing discharge in any de- 
sirable position. Pump openings, both 
suction and discharge, flanged to per- 
mit easier connection and disconnecting 
to joints. One-piece impellers, securely 
attached to shaft by stout key and lock 
nut, or threaded, give long service. 
Pump bearings mounted in sturdy 
frame horizontally split for easier acces- 
sibility. Extra long stuffing box pro- 
vides for oversize stuffing. Mechanical 
seal also available for minimum leak- 
age. Pump coupling flexible for direct 
connection to drivers or can be arranged 
for belt drive. Pump speed, pump open- 
ings, etc. are selected to suit your 
particular requirements. 


Write for Bulletin No. 107 


FREDERICK IRON AND STEEL, INC, 


FREDERICK £st. 1890 MARYLAND 


SSV PUMPS 


PRODUCTS . . 


Analytical instruments........... 


Bearings—bushers—washers, 

bulletin CP554 


Blueprint developer, .TD1230...... 

Boiler-cleaning equipment........ 526A 
Boilers, packaged, catalog WT-10...396 
Bubble trays & pressure vessels..... 404 


Cells: 


Gas 
Classification equipment, size...... 115 
514C 

Protective ......... 83b, 136, 423, 507D 
Collectors: 

526B 

526C 

Compressors: 

Condensers: 

Surface, brochure M-3-32........ 528 

Vapor, bulletin 129R............ R519 


Construction materials, accessory. .83e 
Containers: 
Control centers 
Control systems 
pH, data sheet 700 (2)... 
Controller, draft........... 
Controllers, bulletin 13-19......... 54 
Pneumatic, bulletin A130 1 
Pyrometer, bulletin EDS-25-E....529 


Controls: 
Electric, catalog AC-2.......... 517B 
70 
Conveying equipment............. 26-7 
Conveyor systems, pneumatic...... 416 
Cooler, rotary-louvre............. 514D 
Coolers, rotary-louvre............ 190D 
Coupling, quick-opening.......... 521F 
Crushers: 
Jaw, Bulletin C12-B12 ........... 
Crushing & grinding, bulletin 067.. wir! 


bulletin SC1013..... 42-3¢ 
Demineralizers, water..... 527A 
Dewatering press, TD1239........ 71-21 
Digester, continuous.............; 527B 
Doors, quick-opening............... 203 
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PYROMETER 


TYPE 1500 


Checking temperatures of electric 
heating mantles is but one of the 
many laboratory temperature jobs 
performed with consistent accuracy 
within % of 1% full scale—under all 
conditions. 

Sturdy, protective case eliminates 
need of careful handling of precision 
meter movement in portable use. Di- 
rect reading scale face can be quickly 
read at distance—no slide wires or 
conversion tables needed. Available 
in ten scale ranges from 0-400° to 
0-3000° F. or centigrade equivalents. 

Get full details on the Type 1500 
Portable Pyrometer in Bulletin 4434. 
Attach this ad to your letterhead and 
mail to: Illinois Testing Laboratories, 
Inc., Room 559, 420 N. LaSalle St., 
Chicago 10, Ill. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 


37B 
: nnunciator systems, catalog 

: 
PORTABLE 
14 

a 
542 


| 


complete 4 

vacuum 
drying systems 
vacuum rotary dryers, 


vacuum chamber dryers, 
cone blenders and conical . 
vacuum dryers, flakers and 
drum dryers, ribbon mixers, 
surface condensers, metal 
bonding autoclaves, ball mills, 
fumigators, jacketed fittings, 
impregnation equipment... . 
Process equipment built to. 
customer's design. 

DEVINE Engineers are Specialists 

in solving tough processing prob- 

lems. Complete Drying and 

Blending Laboratory available 

for customers’ use. Our half-cen- 

tury of experience will help you 

to improve production and mini- 

mize costs. Your inquiries invited. 


J. P. DEVINE MFG. CO. 
49th Street and A.V.R.R. 
Pittsburgh 1, Pa. 
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PRODUCTS... 


Drums: 
Stainless steel 
Steel lined 

Dry: 


Drying equipment, bulletin 82 
Drying systems, vacuum 
Dust collection & pulverizing 
Dust collectors 

Catalog 372-C.. 

Bulletin 55 
Dust control 


Ejectors: 

Combustion-gas 

Steam 
Electrical equipment 50-1, 
ElectroSyn system, bulletin B257.... 
Engine-compressors 196D 
Extractors 


Fabrication, metal 

Fabrications, plastic 

Fabricators. heat exchangers, 
bulletin 170 


Fastenings, Form 126 
Corrosion-resistant . 
Feeder, chemical 
Filter: 
Air 
Sweetland pressure 
Filter paper 
Filter tubes 
Filters 


Centrifugal, continuous 1 
Corrosive liquids, bulletin 431... 
Disc, bulletin FG-B1 516d 
Dry cake discharge 


Hydra-shoc, bulletin 114 
Liquid, bulletin 300 
Porcelain, bulletin SC1051 
Pressure leaf 
Tubular, bulletin TS-160 
Vacuum, rotary, continuous 135 
Vertical, bulletins 111,114-1155...6-7b 
Water, bulletin 651 327b 
Filtration equipment 
Fittings: 
Bulletin S-1-55 
Lubrication 
Stainless steel 
Welding 
Fittings & covers, manhole 
Flanges, insert 
Flashlight, atomic, TD1232 
Floodlighting, mercury vapor 
Flotation, bulletin F10-B81 
Flowmeter 
Flowmetering systems, electronic, 
bulletin CE-6 
Flowmeters, catalog 10-A-25 
Magnetic 
Fluidizers 
Fluo-chlorinator 
Foam machine 
Fume ducts & fume hoods 
Furnaces, bulletin SC1015 


124, 397, TR533, R536 


Pressure & vacuum, catalog 
525A 


Gamma reference sources 
Gasketing material 
Gaskets 

Catalog AD-154 
Generators: 

Inert gas, bulletin 114 


FOR 
PRODUCT 
ANALYSIS 
and COST 
ESTIMATES: 
on NEW 
FILTRATION 
EQUIPMENT 

SEE... 


SPERRY 


Your Headquarters For 


FILTER PRESSES 


— all sizes, all types for all require- 
ments. Available with center, side 
or corner feed; open or closed de- 
livery; simple or thorough washing; 
jacketed plates for filtering at high 
or low controlled temperatures. 


LABOR SAVING DEVICES 


including Plate Shifters for easier, 
safer handling of plates and frames 
. . . and Closing Devices in a full 
range of models to facilitate open- 
ings and closings of new Sperry 
Filter Presses or existing presses in 
the field. 


FILTER BASES. cotton, paper, . 


synthetics and woven metals — plus 
special cloths for special require- 
ments. Plain or punched. 


Mail coupon for your copy 

of the SPERRY FILTRA- 

TION CATALOG, complete 

with illustrations and spe- 

cifications to help you plan * 
new filtration facilities. 


D. R. SPERRY & CO. 


BATAVIA, ILL. 

Sales Representatives 
George S$. Tarbox Alldredge & McCabe 
808 Nepperhan Ave. 847 E. 17th Ave. 
Yonkers, New York Denver 18, Colo. 
B. M. Pilhashy 
833 Merchants Texas Chemical Eng. Co. 
Exchange Bldg. 4101 San Jacinto 
San Francisco, Calif. Houston, Texas 


D. R. Sperry & Co. 
Batavia, Ill. 


Please send me a free copy of the 
Sperry Filtration Catalog. 


Name. 


Company. 
Address. 
City. 


Got a Production Bottleneck? 
Dryi 
in 
e Bulletin 16.0.081..................384 A = 

|). 456, T531 (A 

2 
for 
6-7a, 528F 
. Horizontal pressure, bulletin cas 
c 
a 
| 
| 
| | | 
5 198A | | 
.181, 230, 5211 | 
| 
Bulletin PG-55-3...............333 | 
3 


BASKET TYPE 
EXTRACTOR 
| 


EXTRACTION 


* Developed and perfected by 
more than 50 years of applica- 
tion in the oil milling industry. 


¢ Over 50 operating plants pro- 
ducing top quality product with 
low operating and maintenance 
costs. 


e Standard sizes range from 25 
tons to 10600 tons per day ca- 


pacity. 


| © Let French help you solve ex- 
traction problems involving 
solids. Write today to French, 


& 


FO4 


THE FRENCH OIL MILL 
_ MACHINERY CO. 


EXTRACTION DIVISION 


Extraction Division, Piqua, Ohio. 


PRODUCTS .. . 


Heads, steel, stainless-clad....... 46-7a 
Heat exchange & process 

Heat exchangers............ 96, 382, 458 


7 197 
Heat transfer units, bulletin P-61..106 
Heaters: 


Impactors 
Indicator 
Indicators, 
Insulation 
Structural 


Joints, expansion........ 
Rubber 

Catalog AD-137 


Laboratory equipment.537E, 537F, 537G 
Laboratory furniture & 


Laboratory instruments..... 438A, 538B 
Laminates, low pressure........... 508A 

Loaders: 

Catalogs 854, 948, 60.............. 421 

Lubrication equipment............. 103 
Mass spectrometer ............... 578C 
Measuring equipment, flow, 

530A 
Meters: 

wee steel, bulletin 94/10N.. .426 

Ball, bulletin B2-B18............ 516b 

Bulletin AQ-B4... 516a 

Laboratory, bulletin B-112...... 321le 

Portable 

Bulletin 520-A.............. BR539 

Side entering, catalog B-104..... 321d 

Top entering 

Mixing equipment................. 354a 
Mixing & grinding equipment..... R527 
Monitoring equipment............ L526 
Monitoring systems............... 518F 
52-3b, 419, 505, 561 
Chemical, bulletin 1050........... 424 
Bulletins MU-128, MU-195...... 455 

Weather-protected ............. 570C 


Bulletins 51B8606A, 05B7894..... 90 


with DEVCON 
THE PLASTIC <STEEL’ 


80% STEEL — 20% 


PLASTIC 


Stop that leak quickly, permanently 
and easily . . . apply DEVCON di- 
rectly to the tank or on a piece of 
kraft paper and the problem is solved. 
DEVCON has excellent chemical re- 
sistance . . . will not rust or corrode 
. . . self-curing, hardens even under 
water. 


THE PLASTIC STEEL will 
repair leaking pipes (even un- 
der pressure) ... rebuild worn 
valve seats or pumps... 

large or small holes in cast- 
ings ... repair or rebuild ma- 
chinery . . . make molds and 
dies . . . handle hundreds of 
maintenance jobs in the plant. 
DEVCON bonds steel, iron, 
brass, bronze, aluminum, 
wood, glass, concrete, etc., to 
itself or each other. Non- 
shrinking, non-expanding it 
has extreme strength and 
durability . . . can be drilled, 
threaded or ground with reg- 
ular metal-working tools. 


DEVCON, available in four 
types, can save hundreds of 
hours and thousands of dol- 
lars, throughout your plant 
— write for free booklet con- 
taining proof of its many ap- 
plications. 

TECHNICAL REPRESENTATIVES AND 

DISTRIBUTORS IN ALL 


MAJOR 
CITIES 


DEVCON CORPORATION 
“133 Endicott Street, Danvers, Mass. 
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Victor Grignard 
(1871-1935) 


Received the Nobel prize in 1912 for his 
development of the Grignard reaction 
which was of considerable importance 
in synthetic organic chemistry. 


By 1912 Foremost’s El Dorado Division 
already had more than 20 years’ experi- 
ence supplying coconut oil and its by- 
products of the finest purity and con- 
sistent uniformity. 


FATTY ACIDS METHYL | ESTERS 


OF COCONUT OIL 
Lauric Eldhyco* Capric 
Fatty 


Caprylic Coconut 
Acids 


Palmitic Myristic 


Caprylate Eldo 18* Caprate 
Laurate Coconate 
oe Myristate Caproate Paiinitate 


*T.M. Reg. 


For Example: ELDO LAURIC ACID 


96-99% pure. (Purest Lauric Acid com- 
mercially produced.) Readily available 
at an attractive price. Eldo’s high stand- 
ards give you a better, more uniform 
end product. 


»» For samples and specifications, 
write Dept. E 


Foremosi FOOD AND 
CHEMICAL 
EL ‘DORADO COMPANY 


P.O. Box 599, Oakland 4, Calif. 


In New York: In Detroit: 
H. Reisman Corp. _ Harry Holland & Son, Inc. 


In Chicago: In Cincinnati: In Cleveland: 
M. B. Sweet Co. Howard Dock F. W. Kamin Co. 
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PRODUCTS... 


Catalog 


ings: 


uminum 
Hard bulletin 96-A...... 


tee 
Welded steel, large diameter. . 
Pipe hangers, supports & vibration 


Bulletin 


Piping, steam-traced ............. 
Piping systems, bulletin 2443....... 


Porcelain enamel ................. 


Double suction, bulletin 955 


Liquefied gas, bulletin 203-7 
Paper stock, bulletin 953........ 
Process, bulletin B-1608......... 
Sand, bulletin P9-B8............ 


vy w 
Plastic, bulletin 3 


Pipe benders, bulletin .......- 


. 


eliminators, catalog 54........... 120 


Piping identification .............. 524A 


Plate, chromium stainless....... ee 


Porous media, alundum............. 1 
Potentiometers, transmitting ..... 
Precipitation equipment ............. 84 
Process control: 
Pneumatic, bulletin 98278.......... 86 
Process control system, electronic. .74-5 
Process equipment .......... 467, 47 
Impervious bulletin 249. 
Processors, turba-film .............. 
Protective equipment .............. 
Pulleys: 
Electromagnetic, bulletin 
Magnetic, bulletin 350-CB....... 450a 
Welded conveyor ............... 512A 
531A 
Pump, controlled volume.......... 534E 
Pump selection, bulletin S-146..... L527 
Pumps. 380, 387, L519, T532, 534F 
Acid 
Boiler feed. bulletin 980........... 94b 
Centrifugal . 408, T549 
Bulletin W-300-B4B ........... 22-3 
L542 
Chemical, bulletin 725.4........... 517 
Corrosion resistant 535A 


WITH VIKING 
TRUCK PUMPS 


...and SAVE 
valuable loading and 
unloading time 


If you are transporting a liquid 
or semi-solid, you will save 
valuable time and money when 
you load and unload with a 
POSITIVE Viking truck pump. 


Powered from the truck, 
through power take-off from 
the transmission, the Viking 
positive pump keeps the truck- 
load on the move—not stand- 
ing idle with slow gravity fill- 
ing and emptying. 


Equi vee with integral Viking 
relief valve, the discharge line 
may be shut off without stop- 
ping pump. 

Available in 35, 50, 90, 200 and 


300 GPM sizes. Ask today for 
Catalog Gc and SP377c. 


VIKING PUMP CO. 


Cedar Falls, lowa, U. S. A. 


In Canada it’s “ROTO-KING” Pumps 
See our Catalog in Sweet's Plant Engineers File 


545 


Pads, mounting..................198E 4 
Paints, red house & barn...........391 bind 
Photometer, pollution.............520A 
. .85 
364a 
r 
| 
td 
.......942 
©) 
536A 
442 
.516f 


GRAPHITE 


| INERT 
| LUBRICANTS 


into an 
INERT HARD 
FRICTIONLESS 
BEARING 
MATERIAL 


Chempro’s new Style FM-4 bear- 
ings, bushings, washers, etc., have 
given remarkable service in pumps, 
mixers and reactors operating un- 
der highly corrosive conditions. 
Style FM-4 bearings and bushings 
are hard, corrosive-resistant, have a 
low coefficient of friction, and com- 
pare favorably in wearability with 
those made of metal. 


Write for Bulletin CP554. 


*duPont Trademorx 


CHEMICAL & POWER 
PRODUCTS, Inc. @ 


5 Broadway, New York 4, N. Y. 
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PRODUCTS ... 
5 
Truck, catalogs Gc, R545 
Vac 
Vertical a. bulletin 4700..... 403 
Purifiers, air, gas & steam......... 531B 
Pyrometers: 
Portable, bulletin 4434........... 
Reclaimer systems, oil, bulletin 
Recorder, millivoltmeter .......... 520C 
Recorders: 
Multi-point, bulletin F-7955....... 402 
Reducers, speed ............ 532A, = 
Regula 
Rubber & plastic materiuls, 
automatic, bulletin 
Vibrating, bulletin S3-Bll....... 516h 
Seals: 
Mechanical, rotary, bulletin 
Selector stations ......... 
Sensors, liquid-level ....... 
quid, bulletin SC 1044......... 
Liquid-gas, bulletin $1052. ...... 42-3d 
Sheets, stainless steel .............. 430 
Solvent recovery plants............ L537 
Special parts, rubber & plastic..... 365d 
Spectrophotometers, bulletin au 
steel ‘paris, 46-7c 
Steels: 
Corrosion-resistant ............. 508E 
234a. 461, 123, 425 
Switch: 
Talide metal, catalog 56-6............ 98 
Tank vents & flame arrestors, 
Tanks: 
Water 457 
Temperature regulator ........... R367 
Temperature & pressure 
Thermometer probe, resistance. ...521C 
Thermo-panels, bulletins 955, 257. TL553 
bulletin T5-B5......... 516i 
Towers, cooling........... 9, 516A, 516B 
Transducers, engine-preasure 521E 
Transformers ..............-..... §11B 


cet Hl2O 


In those processes where chemi- 
cally-pure water is desired, the 
most economical way to obtain it 
is often by de-ionization. Current 
ionXchange practice provides an 
effluent which is chemically the 
equivalent of that obtained by 
multiple distillation. 


ELIMINATE ALL 
DISSOLVED SOLIDS 


Starting with water containing 
various dissolved solids such as 
calcium sulfate, magnesium car- 
bonate, silica, etc., one form or 
another of ionXchange can be 
employed to eliminate ALL of 
these solids in the resultant puri- 
fied water. We have been design- 
ing and building practical equip- 
ment to accom- 
plish such results 
ever since the en- 
abling resins first 
became avail- 
able. Tell us 
your needs, and 
let us see what 
we can do. 


ILLINOIS WATER co. 
ionXchange 


840 CEDAR ST. 
ROCKFORD, 
ILLINOIS 


NEW YORK OFFICE: 141 E. 44TH ST., NEW YORK 17, N. Y. . 


CANADIAN DIST. PUMPS & SOFTENERS, LTD. LONDON, ONT. 
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Trap, steam | | 
Traps, steam. . .....98, 1900, 516D, SIGE || 
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| Trucks: 
Electric, catalog 405b 
y ‘i Electric fork, catalog 32-1........ 40 ba 
HEAT and CORROSION-RESISTANT | hockiet 108 
PROCESS EQUIPMENT | 
Tubing: 
HIGH NICKEL ALLOYS Heat exchanger & condenser, 
STAINLESS STEELS 52-3a 
Valve operator, control............ 524D 
VACUUM FURNACE RETORTS we Operators ...... 186E 
tion of heat and corrosion-resistant 101, 169, 503 
alloys, including INCONEL and the 364c 
| HASTELLOYS. Our complete modern fa- Check: 
cin. — Control, catalog 70-11............. 441 
sonnel are equipped to meet specifica- Diaphragm, 
tions for the highest quality work in Deain If the 
this field. Outline your needs or send Fittings & flanges, catalog F-9....323 liquid can be 
us your prints for quotation. d ith 
1340 KINGS HIGHWAY, FAIRFIELD, CONN. Bulletin 455 ...........+000.0++ 0449 
434 
Valves & fittings, plastic........... 525B NOZZLES 
Varnish: 
509A | For a perfect spray, many food 
Ventilator roof  Presessing plants prefer Monarch 
WHERE POSITIVE AF ETY Viscosity measurement ............. 508 
S E S S E NTI AL FO R Viscosity recording... . 509 Monarch’s advanced design reduces 
Water conditioners ............. TR539 clogging and guarantees depend- 
PRECISE MEASUREMENT OF | | water re-circulation 104 P 
PRESSURE Water treatment............ “534A, R546 able applications to... 
Y Wire cloth & screen.............. ooseee 
PRESSURE GAUGES ie | RINSE VEGETABLES 
DIAPHRAGM % DRY EGGS 
WASH FILTER CAKE 
Services 
if 
15 to - PSI Construction: * HUMIDIFY 
Process plant facilities, G-306....... 2 
Pressure Ratings from Desi & t ti 
15 to 2500 PSI eS > construction, process 
ineering & fabrication, 
For further information about these heat exchangers ................. 
and other DIAL INDICATING AND & 329 
RECORDING PRESSURE AND VACUUM 
GAUGES send for our completely Engineering services ............. 56-7b 
Nuclear radiation ................ 538D WORKS, INC. 
WEKSLER THERMOMETER CORP. Testing, laboratory, bulletin 2517 E. ONTARIO ST. 
PMILADELPHIA 34, PA. 
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THE NEw SUB-X 


INERT GAS GENERATOR 


by le IM AA 


A compact... 


economical source of inert gases 


THERMAL’S SUB-X generator offers unsurpassed operating 
economy and efficiency. Its unique design utilizes submerged exhaust 
of combustion products and permits the use of river water or other 


low-cost water supply as coolant. 


The SUB-X generator is built 
around the THERMAL burner 
which can be fired with gas or dis- 
tillate oil. Because of the burner’s 
high heat release’ characteristics, 
the SUB-X generator eliminates 
refractory and reduces mainte- 


nance costs. Each unit is supplied 
as a complete package with all 
control and safety equipment. 
Standard models are available in 
capacities up to 35,000 SCFH of 
inert gas. Larger capacity units can 


* be designed to your specifications. 
WRITE FOR BULLETIN #114 


Gas, Oil, Combination Burners « Heat 


Exchangers « Submerged Combustion 
¢ Air Heaters * Combustion and Heat 
Transfer Engineering 


AANA OTHER THERMAL PRODUCTS & SERVICES 


THERMAL 


Thermal Research & Engineering Corp. 


CONSHOHOCKEN 


PENNS Y LV AIN TA 


REPRESENTATIVES IN PRINCIPAL CITIES 


INDEX or 


Month after month you’!1 
find industry’s most progres- 
sive firms among our ad 
pages. 

Use this index to keep 
in touch with what they’re 
offering that'll help you in 
your job. 


Aldrich Pump Corp. 
Alemite Div. of ik Stewart & 

Allegheny Lu lum Steel Corp. 

Allied Chemical & Dye Corp. 

General Chemical Div. .......... 143 

National Aniline Div. ... 445 

Semet Solvay Div. ............... 155 

Solvay Process Div. ............. 179 
Allis-Chalmers Mfg. Co. 

General Machinery Div.....44- 45, 90 
133, 197, 225, ‘408 
ae Steel Products Co. 

Aluminum Co. - America 
Amercoat Co: 

American Af 


American Hard Rubber Co.. ms "36s 
Ames Iron Works 
American Optical Co. ...... 
Anaconda Wire & Cable Co. 
Armco Steel Corp. 
Armstrong Machine Works 
Atlas Powder Co. 

Darco Div 
Attalla Pipe "& Foundry Co 
Autoclave Engineers 
Babcock & Tube Div.. 


Baker Inc. 
Barber Coleman Co. 


Black, Sivalls & Bryson, Inc. 
Controls 
Safety Head 
Blaw-Knox Co. 
Power Piping 120 
Blockson Chemical Co. ............ 121 
Bowser, Inc. 
Bristol Co. 


Buell engineering 456 
Buffalo Pumps Inc 
Cambridge re Cloth Co 
Carbide & Carbon Chemical Co. 

Union Carbide & 


Co., Refractories . 
Carborundum Metal Co 

Carlson, Inc., G. O 

Carpenter Steel Co. ............... 475 
Camco Products, Inc. ............. 393 
Ceilcote Co. 394 
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Vs \. Adams Co., R. 321 
i Air Preheater Corp. ............... 95 
American Air Filter Co............. 122 
American Brass Co................ 422 
ak Bell & Gossett Co. ................ 431 
Bechtel Corp. 329 
Bemis Bros. Bag. Co. .............24-25 
Brookfield Engrg. Labs. .......508, 509 
3324 
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